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,yrA\TlTATIVE VARIATION OF GOSSYPOL AND ITS RE- 
LATION to the oil content of COmANSEED‘ 
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’ .Old Carl L. Als-BEB-G, formerly Chief, Bureau of Ckemistry, United States Department 
y _\,)ticuliure 

INTRODUCTION 


ill connet!tion with the food conservation problem which arose during 
lie World War, tlie Bureau of Chemistry was asked to supply informa- 
;icin on the suitability of cottonseed press cake for human consumption.* 
\s the statements in the literature on the nature of poisoning by cotton - 
;eefl were conflicting, a reinvestigation of tlie question was necessary. 
The investigation resolved itself into several distinct, though closely 
elated, studies. While all of these studies were carried on simulta- 
icouslv, each one will be reported separately, beginning with the one 
icrc discussed.® 

For a long time some feeders have believed that different lots of cot- 
oiisced meal have different degrees of toxicity. It is highly probable 
hat there is a sound basis for this belief on the part of practical men. 
yaw ford ( 6 ), who stated that the toxic agent in cottonseed is pyro- 
Aosphoric acid, regarded some of these differences, at least, as varietal 
.haracteristics of the different seed. This would be consistent with the 
jcliet very generally held that cottonseed poisoning is more frequent in 
;mc regions than in others, since the varieties cultivated differ from 
ydon to region. At any rate, it seems to be a fact that a variation in 
I'lxicity is associated with variations in the place and crop year of pro- 
hiction, although the writers have been unable to find in the literature 
^alisiactory data on which a comparison of poisoning by cottonseed pro- 
diK'cd in different regions or from the crops of different years in the 
^ainc region could be based. 

That tlie composition of many seeds varies from region to region and 
:rom croji year to crop year has been established beyond doubt. In 
die case of wheat these variations are common knowledge. Piper and 
.'I'irse ((?) have observed that certain regions of the South produce soy- 
itans with higher oil content than others. Thompson and Bailey {//) 
■' '.md that differences in the oil content of different varieties of peanuts 
-'vvn under the same conditions and in the same locality were not 
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pronounced. Similar facts have been established for cottonseed iv 
Bid well,® who has shown that cottonseed from the southwestern Vnited 
States, on the average, is low in oil and high in protein , while seed fr,.nj 
the Atlantic and Pacific coasts has a higher oil and lower protein c' ri- 
tent in the order named. While Bidwell 's generalization is undenibtediv 
justified, exceptions must be anticipated, for over such large territririev 
climatic and soil conditions must be exceptional here and there, Th;. 
being so, exceptions will be encountered, if any reliance can be placed 
upon tlie work of Bain and Anders as reported by Cook (5), who’wriie; 
as follows: 

Tlic fliictuatinns induced by conditions of growth or associated with varior.^ ^ 
of maturity attained by the seeds ivere so large as to conceal inherent difTerni f 
individual plants or progenies. 

Hence the finding by Rast (9) of great variations in composition , 
Georgia cottonseed is not astonishing nor to be regarded as invalidati:: ■ 
Bidwcirs generalization. 

If it be true that cottonseed varies greatly in composition and to:cicliy 
in dilTcrent parts of the country and perhaps also in different crop yc;ti\ 
then the toxic factor in cottonseed, whatever it may be, might well var\ 
correspondingly. If Withers and Carruth {i2, 13) are right in attribni 
ing the toxicity of cottonseed to the presence in it of a phenolic subsianct 
named by Carruth “gossypol,” then the gossypol content of diiiertu: 
samples of cottonseed should vary as the toxicity varies. Apparenfv 
Carruth (3), recognizing that gossypol occurs in the so-called “gbin: 
dots” or “resin glands” in cottonseed, the distribution of which li;,' 
been studied by Stanford and Viehoever (10), does not believe the gosw 
pol content of cottonseed to vary ^eatly. He states that “since aii 
varieties of seed seem to have approximately the same number of gland; 
it would appear that gossypol does not vary to a greater extent than ihv 
oil or protein content.” This statement, however, is not based on exjitr:- 
mental evidence. Hence it is just as reasonable to assume that, tv,:: 
if the number of glands in different cottonseeds were the same, the glanf 
might vary both in size and in gossypol content. Carruth {3) found gw- 
sypol in cotton-root bark, where, according to the histological sludii? 
of Stanford and Viehoever {10), there are also internal glands. Car- 
rulli (j) also attributed the differences of toxicity to variations in ibv 
method of manufacture of the press cake. However, this suggcstiar,. 
while it may apply in some cases, does not explain the infrcqiiciioy ■ 
poisoning in certain regions where the method of manufacture nt li*' 
meal is generally the same as that in regions where poisoning is prevakii: 

There is, then, very definite evidence that the composition of cotKi- 
secd varies widely and no evidence inconsistent with the possibility uia. 
the gossypol content may vary correspondingly. To determine 
or not the gossypol content of cottonseed varies and to determine uhcuit' 
there is any correlation between the gossypol, the protein, and the 
content is the purpose of the present paper. A study of the ml an- 
protein content was included in the investiption, so that three cntcrii 
instead of one might be available for checking the results. Ihe proay 
and oil analyses could be used to determine whether or not the samP-- 
was representative of the region from which the seed came and 
rule out “ sports” or atypical seed. Consideration of the oil and pro^e^' 
content made it unnecessary to consider in detail the various facio- 
affecting the seed. 

• Personal cumin unicatioa from O. L. Bidwell, Bureau of Chemistry. 
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Xliis study, tlien, deals solely with the maximum variation of the 
Tossvpol content of cottonseed and the correlation of the gossypol content 
rtiili the oil and protein content of the seed. No consideration is given 
the biological factors that might cause the gossypol content to vary, 
yo consideration is given to methods of selection/ breeding, or cultiva- 
that might lead to the production of seed of low gossypol content. 

SOURCEvS OF SEED EXAMINED 

Samples of most of the standard varieties and some of the same variety 
fr-iin different localities were secured. Most of the seed examined was 
nbiained through the offices of O. F. Cook and R. A. Oakley, of the 
Bureau of Plant Industry, United States Department of AgTiciilturc, 
•vliich maintains an inspection of plantations on which its seeds arc 
Therefore, there can be no doubt as to the aulheiuicity of the 
vjrieiics of the seed furnished. A few samples were obtained directly 
:ri.in planters, experiment stations, or dealers. 

methods of EXAMINATION 

(inly the kernels or meats of the seeds were examined. Usually a 
very small quantity of hull and lint, which could not be removed from 
:be^!,Tniind material by sifting, was present. Gossypol was isolated as 
[he ‘acetate'’ by the methods of Carruth (.^) from all varieties of seed 
’j^ed. All samples of gossypol “acetate” isolated were examined crystal- 
Ingraphically. Quantitative analysis was made according to the writers’ 
modification of the aniline method of Carruth {4). The fat and moisture 
detenninations upon the samples of material analyzed for gossypol were 
made in the Cattle Food Laboratory, and the nitrogen determinations 
bvtlie Kjeldahl method were made in the Nitrogen Section of the Bureau 
('f Chemistry. 

MODIFIED ANILINE METHOD 

Place 75 gm. of practically hull-free finely ground cottonseed meats in 
Soxhict extraction thimble. Extract with ctlier until the thimble 
I’.idi stands in the etlier overnight imparts to it no significant yellow 
'kr. Evaporate tlic ether completely and transfer the extract to a 
taker, using petroleum ether to work it over with. If necessary, filter 
• I se 8 to 10 times as much petroleum ether as the volume of the 
nracl. 

Aiter standing overnight, a very small quantity of a line fiocculejit 
■■wipitate appears. This is not gossypol, for while gosst pol is not solu- 
■i‘ in petroleum ether alone, it remains in the oil-petroieum-ellicr iiiix- 
inv Filter off this petroleum -ether-insol able material extracted by the 
'her and wash the precipitate with petroleum ether. Wash the pre- 
d’itate and the filter paper witli ether. Filter this ctlicr solution and 
aporate almost completely. Mix the residuum with jjetroleurn ether 
‘ fjrder to hold in solution tlie last traces of oil and pctroleum-ethcr- 
^luble material. Then filter and combine the filtrate with the main 
Hroleum-ether solution. Add i cc, of aniline and dissolve it in the 
'lution by shaking. Unless dissoh ed, the gossypolaniline coiiipoun(l 
out in clusters around the small drops of aniline. 

In from 3 to 7 days later filter the precipitate of aniline-gossypol com- 
through a tared Gooch crucible and wash it several times with 
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petroleum ether. Rub off the material adhering to the precipitaH 
flask with a rubber-tipped glass rod or dissolve it in ether, from which*^'^- 
may be precipitated by almost completely evaporating tlie ether, arldi '> 
petroleum ether, and reevaporating to a small volume. Then'ponj- 
carefully into the Gooch crucible. Bring the Gooch crucible and it- 
contents to constant weight at ioo° C. by hourly heatings. This preciiy' 
tate is slightly hygroscopic. Carry on the heating no longer than is 
essary. If filter paper has been used in the Gooch crucible, the preci')i 
tate can be removed without admixture of foreign substances. ‘ 
Preserve the filtrate containing the i)etroleum-ether-aniline mixture 
and transfer it to an Erlenmeyer flask. Stopj^er the flask and let it stand 
in the cold for from seven days to one month, to ascertain whether all the 
gossypol has come down. If gossypol appears, allow the petroleum ether 
to evaporate partly and let stand again. Corrections based on tlie?^ 
subsequent precipitates may be made. 


application op modified aniline method 


Table I show-^s the gossypol content of several varieties of cotlonsm! 
determined by the aniline method of Carruth (4) and also by the quali- 
tative “ acetate” method (j), in which care was taken to make the jiehk 
as large as possible. These data show that the recoveries by the "ace- 
tate” method are from 16 to 33 per cent lower than those by the aniline 
method. The approximate agreement of the results obtained by the two 
procedures lends w^eight to the assumption that the aniline method ' 
data representing tlie gossypol content. 

Table; 1 .— Gossypol obtained by the "acetate" and aniline methods 


Variety of Cottonseed. 


Acetale : Anilm? 
method,® imti!':- 


; Ptrcenl, : Pcf,':. 

Iajiic Star j 0.27 0 

.Acala , .324 .;;; 

Trice ■ . 401 : ' 

Duran ! ^-636 •.- 

Egyptian 6:0 ... 

Sea Island I i.oiS 


The acetic acid hi gos.s>iiol “acetate” is approximately 10 per cent and has been dedmied. 

A Kjeldah! analysis was made and the nitrogen, calculated as aniline, was deducted from the 
of the precipitate, 
e Some was lost . 


The nitrogen content of the aniline precipitate was from 3.7^ to 4.0.;= 
per cent. The variation was due, to some extent at least, to the adsorr- 
tion of free aniline. A lower nitrogen content has been observed and ^ 
preparation free from the odor of aniline has been obtained upon re- 
crystallizing several times from chloroform. Usually more nitrogen 'Vs: 
present in the more bulky precipitates from the Gooch crucible, O'Oi; 
probably to less favorable conditions for removal of aniline in. the heatin. 
The variability in aniline content of the aniline-gossypol coripounil ^ 
noted by Carruth also (3) . The weight of gossypol wms calculated j: 
deducting the weight of the aniline (NX 6.64) from the Ai-eight oi t--' 
precipitate. This correction of the deduction, however, could pedi^P 
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}f dispensed wth by using tlie general average, as the increased accuracy 
%med by considering variations in nitrogen content is within the 
Smits of error of the method. 

" Xhe use of petroleum ether as a medium for precipitation facilitated 
,|3e formation of a more filterable mass, and expedited the separation of 
aniline compound. It also accelerated the rate of filtration. During 
t‘ie aher extraction some material other than fat or gossypol Avas dis- 
This was removed from the petroleum-ether mixture before the 
jniline was added. 

When the crude ether extracts of cottonseed kernels or the mother 
liquors obtained in the process of recr^'stallization of gossypol were 
treated with aniline, the precipitate formed had a dull red color. When 
j)ji< precipitate was recrystallized from chloroform, a few crystals which 
dinered from aniline -gossypol and which could be separated mechanically 
ivere usually obtained. \^en purified gossypol was converted into the 
aniline compound, crystals of this second type were not obtained. 
Aliliough the second substance was not studied in detail, it seems probable 
that it is the aniline compound of tlie “D-gossypol” of Carrutli. The 
aniline method precipitates not only gossypol, but also gossypollike 
.iihstanccs, the quantity of which, however, was relatively small. 

Can'll th states that the error of his method is less than 10 per cent 
wlicii 0.5 gm. of gossypol is dissolved in 50 cc. of oil. The results (Table 
!: hv his method, however, are somewhat lower than those subsequently 
obtained wuth tlie same seed by the authors' modification of his pro- 
cedure. The results of the control analyses for the estimation of knowm 
quantities of free gossypol are given in Table II. 


Table II. — Estimation ofknoivn quantities of gossypol 


(»f five 
.:;.<vxpol taken. 


Total 

Aniline 



Dissolved iti 25 cc 

of — weight of ! contained in 

precipitates.*^ precipitates.^ 

flossy ixil 

recovered. 

G>i. 


Gm. 

Per eenJ. 

Gm. 

Per cetil. 

" 0. 7002 

Feanut oil 

0. 8736 

26. 07 

0. 6459 

i 92. 24 

^ 0. 6642 

do 

.8424 

25. 77 

■ 6253 

1 94. 14 

0. (k)02 I 

Coltoiisetd oil < 

8296 

26. 50 

■ 6097 

! 88. 34 

" 0. 6902 1 

do 

8534 

27. 10 

. 6221 

j 90- 1.3 

'■ 0. 6902 j 

1 do 

8594 

26. 67 

• ^302 

i 91-37 

0. 6902 1 

' do 

' .8=562 

26.67 

. 6279 

1 

I 90- 97 
i 


ill de^ii'vator over caldum chlorid. 

' ' 1; inuisture-frcc basis, o.rooo jjm. actually taVen. 

■ in Oil. Fat, and Wax Laboratory' of the Bureau of Chemistry, 

■ birluiliiig iveisht of all subsequent small precipilates. 

'Cakiiiated on basis of nitroaen analysis. 

The error would appear to be on the average about 10 per cent of 0.7 
j'm. of free gossypol dissolved in 25 cc. of cottonseed oil, equivalent to 
iibout 3 mgm. per cubic centimeter of evaporated etlier extract. The 
^ecds shoAving a low gossypol content are not equally poor in oil. There 
'|S. therefore, a greater percentage of error in determining the gossyi>ol 

the samples of seed running low in gossypol. 

A gram sample of gossypol “acetate” gave no weighablc ash. Kjel- 
dahl analysis of two preparations of “free” gossypol gave 0.0363 and 
^'^33 per cent of nitrogen. This small quantity is not significant and 
■‘ndoubtedly represents an impurity in the preparations. 
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IDENTIFICATION OF GOSSYPOL 

Gossypol was identified as the “acetate" in all varieties of cottoa. 
seed (Table III) which were analyzed quantitativly, also in Wine Sa>i 
(a red-foliage variety) , in several samples of gin-run seed, and in Inirtr, 
houzia (Arizona wild cotton) . In addition, it was secured from a sample 
of commercial cotton-root bark. These preparations of gossyj)ol are 
described as follows, by Dr. Edgar T. Wherry, crystallographer of ihe 
Bureau of Chemistry, who found the optical properties to be identical 
with those of the preparations which were submitted to the uTiters l)v 
Doctor Carrutli: 

OPTICAU-CRYSTALLOGRAPHIC properties of GOvSSYPOE “ ACET.ATr:’’ 

All of the samples of gossypol submitted proved to be crystalline, 
practically insoluble in the usual organic immersion liquids and well 
adapted for optical-crystallographic study under the microscope. Their 
properties are as follows: 

In ordinary eight.— Consists of bright yellow flakes, often rather 
acutely rhombic in outline, or sometimes approximately hexagonal 
Two or more acute crystals are sometimes grown together to form 3 
twin, with a deep reentrant angle at one end. The cry^stal system is 
apparently tridinic. 

With poearizing nicoe.— Pleochroism is very slight, lint pseudo- 
absorption is marked. 

Refractive indices. — (2o°/D) : alphas ^ 53 C> to J-54o. beta - 1.750 to 
1.760, gamina= 1.820 to 1.830, gamma -alpha = 0.290. The graim 
usually lie in positions oblique to the index directions, so that mean 
values are shown. By working over large masses of crystal fragment 
how^ever, the individual indices can be obtained without great dilhculiv 
The evidence for variation in indices from one preparation to another is 
definite. This ^’ariation, however, is not associated with any other 
recognizable difference in crystallography, and appears to be due i' 
variation in amount of solvent-of-crystallization or perhaps of matcri;i': 
present in solid solution in the crystals. 

In paraelee poearizEd eight, nicoes crossed.— The birefringence 
is extreme and interference colors are shown only by the thinnest flakes, 
rarely reaching low orders. Extinction is inclined, the angle var}*ins 
widely \vith the orientation of the crystals, but being 20° toevard certain 
frequently occurring edges. Elongation is often negative, but likewse 
varies with the orientation. , , 

In convergent poearized light, nicoes crossed.— Partial bi-a.'cia; 
interference figures are not difficult to obtain. The axial angle 2P •7’ 
large, probably around 100°. The sign is negative, and disjicrsion a 
extremely strong and markedly unsyminetrical. 

COMPOSITION OF COTTONSEED 

The results of the gossypol determinations, together with *''■ 
fat, nitrogen, and moisture content, are given in Table III. 

The data in Table III show that the gossypol content of seed may 
by as much as 300 per cent. (Compare Trice, 1918, and Lone Star, 19'^^ 
with the Egyptian and Columbia, 1918,) The greatest annual v<ina ip 
in any one variety, approximately 200 per cent, was observed m in 
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dfroni Bells, Tenn. (Compareseed of 1917, 1918, and 1919.) Smaller 
^ ual variations were noted in certain other seeds, and practically none 
^^others. The authors’ series, however, is rather limited, and it is 
Vdble that other large annual variations occur frequently in other 
Reties, particularly in regions which have variable or occasionally 
Jinjavorable weather conditions. 

■fA-auS oil, prokifi, and moisture content of cottonseed meats 


Year 

fTOTiTl. 


Mois- 

ture, 





Percent - ! 

Per cent. Per cent. Per cent. 

Percent. / 

■ 1 

r.reeuville, Tex ' 

1917 

S-93 j 

31.46 

6. 19 : 

0-4137 

0-3833 : 

..Jt 

1 

or 1918 



i 



T1 1 

Yuma Valley, Bard, ; 

1919 

5' 64 ; 

33- 06 

5.88 ; 

-4636 

.4649 . 


Calif .5 







D , 

Greenville, 'Tex 

1919 f?) 

5-^5 j 

33 97 

6-3° ' 

- 5307 

-5684 

Pff ^ 

do j 

1919 


33-40 

6. 40 

•5288 

.5076 

19.4 

Ttocas I 

1919 

.S-45 

34- 72 

5-87 

* .6322 

-- . 6461 1 . 

P i 


1919 

5-ft4 

35- 36 

5.84 

* . 6849 


Tin 

• Manchester, N. C 

1919 

5. 

3.‘!'4.^ 

5-62 

• 6592 

■6899 


Court land, Ala 

1919 

5.11 

38- 28 

5-45 

- 7392 

.7410 I. 

It 

. . , , do 

1919 

6.04 

37- J3 


■ 7970 

.7982 !. 

T ' 

BiikersfiEld. Cahf ■ 

1919 

5.68 

3S-9? 

.5-6° 

.8;8r 

.8761 


idizabeth City, N, C . . ■ 

1919 

5- 83 

38. 46 

4-91 

. 9676 



Cuurtland. Ala ' 

1919 

5-88 

37- 16 

s. 27 

■ 7176 

.6970 


Bakershelrl, Cahf - 

1919 

S- 66 

37- or 

4. 82 

■ ft.574 

.8709 l. 


Columbia, S. C 

191ft 

s- 70 

36-06 

5- 83 

■ 8736 

■9072 1- 


Yuma V- alley', Bard, 

1919 

5-43 

37- 33 

.5- 13 

. 8846 

■9312 


Calif. 







Do. .. 

do.- 

1919 

5' 69 

37- 40 

A' 77 

• 9552 

• 9319 


Georgia, North Caro- 

1919 

5- 3ft 

38. 87 

5. 19 

. 9811 

.9849 ; 


Una , South Carolina. 







Da^ .. . 

Columbia, S. C 

i9iS(0 

5-93 

38-97 

4- 94 

-9843 

■9S33 i 

I 'M 

Columbia, S. C. , 

1917 

4. 81 j 




1.034ft ' 



or 1918 





i 


i 

1918 

6.13 

28.87 

6. 42 


, 425D i 

"’iio . . . .. 

, do. . . . ! 

1917 

' S-45 1 

J2-SI 

6. 2ft 

- 5776 

■5797 : 

I)(. 

do 

1919 

6-5S 1 

35-84 

5. 75 ' 

1 .8-893 

-9061 : 




; 1 



1 ,9426 ; 

! = 1.0590 


Do' 

A.il.1 






■' I- 1832 j 

. Clarksville, Tex 

J9i8(?) 

i .')■ 44 ' 

33- 69 

6. 04 


■4,560 

lie 

do 

1919 

j 6. 21 

34- S6 

5- 71 


■ 55.57 



. Oklahoma 

1919 

4. 92 

35- 41 

5- 70 

. 8976 

2.9094 

I'l..! 

. Bakersfield, Calif 

1919 

5- 25 

40. 98 

4, 40 

-9639 

.9511 . 

Maie 

. Charleston, S. C 

191ft 

, 5-52 

37-05 

4- 97 

.5856 

■5741 . 



or 1919 






Di) 

. Ware County, Ga 

191ft 

S''>6 

37-87 

5. oft 

■645,5 

.6446 . 





yft. 


I. cifts 


Do 

Florence. S. C 

1919 

W4 

39-52 

4.66 

1.0305 

I, 0366 

vcluinl'ia 

. Fa.sley, S, C 

191ft 

; 5-46 

38.89 

4- 85 

I. 1 105 

1.1162 

Ho* 

.Smith Carolina 


1 




*1.0278 

K/p-ptian® . 

. Sacatone, Ariz ........ 

1918 

.S.66 

! 36- 68 

4-73 

I- 1832 

1.1758 

liy.'.... 

Bakersfield, Calif. ..... 

1919 ^ 

5-59 

36-08 

5-34 


1.1847 

kiH3 ■ 

. Richmond, Va 

I919(?) 

'i 5-24 

38-35 

5--<4 

.9219 

.9)85 


St. .Matthews, S. C . . . . 

19I9(‘); <>-49 

35-20 

S-25 

■ 7«27 

.6R92 

’<a Island* 

, Black shear, Ga 

1918 

j 

1 

1 

i 

5.9446 



i’ri.'ljaWy the first year'.s growth from seeds imported into this region. 

Kiwived from the agricultural experiment station. 

Us«l tor feeding tests, , . • 

The ifuicuu of Plant Industry distributes seed and receives from planters samples of their trial crops 
esaniination. These seeds were composite .samples from a wide range of territory'. 

Kdiin ,ted on tlie l*a,sis of 7j per cent gossypol in aniline gossypol. 
tccfvivMi from planter. 

ib-ocived from seed dealer. Seed probably from immediately adjuceut territory. 


Tablp III also shows that tlie same variety growm in widely separated 
'i:gion5 may or may not contain different quantities of gossypol. This 
indicates that influences other than those of a varietal character play 
3 significant role. In direct agreement with this deduction is the observa- 
-i'^n tliat different varieties grown in the same region contained approxi- 
•nately the same quantity of gossypol. One exception was Lone Star 
“bjia Bard, Calif., which was much lower in gossypol than Durango from 
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the same place. Although not typical of the region from which it cam? 
this sample of Lone Star is in itself not atypical of cottonseed. Egyptian 
seed from Bakersfield, Calif., contained a slightly larger quantity m 
gossypol than the three other varieties from this place. This, as well av 
the high gossypol content of Egyptian seed obtained from Arizona' 
suggests that there may be slight differences between Gossypiun ktj, 
baceum and Gossypium hirsutum, although tlie single analysis of Sea 
Island seed does not confirm this. 

The results of all the analyses indicate that the occurrence of an 
intoxication due to gossypol would not be influenced by the variety of 
seed from which the meal is made, but rather by the place from which it 
came and the season in which the seed is grown. ^ If a varietal influence 
upon the gossypol content actually exists, practically it is concealed 
The manner of cultivation (agronometric) also probably plays a role. 



rio. I.— Relation between ether extract and nitrogen content of cottonseed. Since r i.s uegaliyf, U,t 
nitrogen content decreases as the ether extract content increases. The value of r (o.8j). which i^arrt 
as compared with its probable error (0.04), is significant. The partial correlation coefficient (o.f):.! mi:- 
cates a signifieant relatiuusliip between the ether extract and nitrogen content. 


Although only presumjitive evidence upon this point exists in ihcvt 
experiments, it is a logical supposition to make from the results of Bain 
and Anders reported by Cook (5). 

Figures r, 2, and 3 give the mathematical expression and interjtreia 
tion of the writer’s data.^ In these computations each individual 
gossypol analysis has been used. The correlation coefficients * between 
ether extract (oil) and nitrogen (protein), and between gossypol and 
ether extract, respectively, show that relationships exist, but that thiy 
are not perfect. The reality of these relationships is further borne om 
by the determination of partial correlation coefficients. 

An apparent correlation exists between the nitrogen (protein) and uk 
gossypol ; in fact, tlie results of one analysis may be used to a certain 
extent to estimate the other. That this relationship may be false if 
shown by the fact that tlieir partial correlation coefficient is very lo'' 


J The caloilatioQS were made and the charts were plutted by J. C, Muach, 

« The correlation coefficient is a measure of the relationship between two variables. It ^ rciam^ 
lero, (o) iiidicatiug no relationship and unity (i) perfect relationship. The partial wrreiation c« . 
indicates the relationship between two variables when other known variables are eliminated. 
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j - Relation betTveen Dther extract and gossypol content of cottonseed. Since t is positive, the gos- 
-vnol content increases as the ether extract content increases. The value for r (o 55), which is large as 
wmparwl with its probable error (0.03), is significant. The partial correlation coefficient (0.45) indicates 
i sisnificant relationship between the ether extract and gossypol content. 



Keiation between nitrogen ana gossypol content of cottouseed. Since r is negative, the gossyix>l 
decreases as the nitrogen content increases. The value for r ^-68) which is large as cwnparwl 
*itu Its probable error (o 04) is significant. The partial correlation coeffiaent {0,15) indicates, however, 
‘Hit the correlation may be false. 
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It is probably true that this apparent relation is due to the close relation- 
ship of each of these to the oil. 

Before basing generalizations on the gossypol content of cottonseed 
upon these analyses, it is to be noted that the nitrogen (protein) and the 
oil content of the seeds fall fairly well within^ the generalization of Bid- 
well concerning the interrelation of the quantities of these two constitu- 
ents in seeds from different parts of the Cotton Belt. This conforniitv 
indicates that the small number of samples of seeds analyzed form a 
representative series. The seeds from the Southwest have a tendencv 
to be low in oil, those from the Soutlieast to be somewhat higher, and 
those from the Pacific coast to be still higher. The nitrogen has the 
reverse relation. The few exceptions which are evident are to be ex- 
pected. 

The analyses show that the seeds from the Southwest tend to be lo^ 
in gossypol, those from the Southeast somewhat higher, and those from 
the Pacific coast regions still higher. Rven more significant than this i, 
the tendency of the gossypol to follow what may be termed the rule c-: 
the oil.” Seeds which are somewhat atypical of the region in which 
they are grown, as indicated by their oil content, vary correspoinlingiv 
in their gossypol content. This shows that the gossypol content is 
closely related to the oil content, and only in a general way to the place 
of production. The seeds lowest in oil (Tone Star, 1917 or 1918, and 
Trice, 1918) have the smallest gossypol content, while the seeds hig!lc^^ 
in oil (Acala from Bakersfield, Calif.) are only 0.2 per cent below tht 
highest in percentage of gossypol (Egyptian seeds). 

These results are of interest to plant physiologi.sts. The correlations 
and variations herein recorded should prove useful in attacking problem^ 
dealing with the causes which underlie variation in chemical composition 
The possibility of developing a gossypol-free variety of cotton with the 
retention of tlie attribute to develop oil, which is at present correlated 
with the development of gossypol, should be borne in mind. Ihe state 
ment herein made as to the “rule of the oil” should be interpreted to 
mean the simultaneous correlated appearance of gossypol and oil, ain; 
not a cause and effect phenomenon. 


SUMMARY 

(1) Gossypol was found in the kernels of every sample of cottonsw; 
examined, in Ingenhouzia (Arizona wild cotton), and in a sample Ch 
commercial cotton-root bark, 

(2) The optical crystallographic properties of gossypol “areiatc 

are described. 1 ? - 

(3) The proportion of gossypol varies in raw cottonseed kernels iroiu 

about 0.4 to 1.2 per cent, a variation of 300 per cent. 

(4) The gossypol content appears to depend upon factors 

varietal factors. If a varietal influence exists, practically it is niaskei 
A variation of 200 per cent was found in samples of one variety fioni t..^ 
same plantation, but from crops of different years, ^ 

(5) The variation in the gossypol content was fairly regular in ihai 
tended to vary directly with and bore a true relationship to the oil con- 
tent. This was true for all seeds from any one region, regardless ot 1- 
regional tendency. 
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inheritance of dwarfing in MAI7,E^ 

By J. H. Krmpton' 

, , Breeder, 0£lke of Biophysical Investigations, Bureau of Phirtt Industry, 

’ United States Department of AgTkuUure 

INTRODUCTION 

■j^ere are two forms of dwarf plants in maize which seem to be in- 
□erited as simple Mendel ian characters recessive to normal stature. 
]Tie>:e two dwarf forms differ in most characters but are alike in that the 
creat reduction in stature is brought about in each case through a reduc- 
?ioa in the length and not in the number of intemodes. One of these 
^^varfs is known simply as Dwarf (jY ; the other has been designated 
Brachytic (7)- 

Xhe variation known as dwarf is one which has been confused until 
recently with a somewhat similar semidwarf variation now known as 
antlier ear, both being andromonoecious, but that these two variations 
are wholly unrelated has been demonstrated by the Emersons (5). In 
\iew of their rather close resemblance, involving the same complex of 
characters, and the confusion of the two forms in earlier reports, it is not 
wisible, in the absence of genetic comparisons, to state with certainty 
ivhicli of the two forms has been found by the different observers. One 
01 these andromonoecious types of maize was described by Mont- 
’omer\'(9), who found it in a stock of Stowell’s Evergreen sweet corn. 
Other independent origins have been reported of variations very similar 
to the one designated dwarf, which seems to be one of the commonest 
major variations in maize, appearing in wholly unrelated stocks from 
widely separated localities. 

Two of our pedigreed cultures have given rise to andromonoecious 
plants of dwarfed stature. These cultures were not related, one being 
a hybrid of the hairy Mexican type, Esperanza (2), with Emerson’s 
lijiiieless strain (4), and the other a variety of maize originally grown by 
tlic Pawnee Indians, the seed stock of which was received from Mr, M. R. 
Gilmore. In this latter case the variations appeared in the fourth gener- 
ation of consecutive inbreeding. These variations were dissimilar in 
size, that from the Pawnee variety being somewhat variable in height 
but obviously larger than that from the Esperanza-liguleless hybrid. 

Comparisons were made between these two dwarf forms and the 
variations described and named by Emerson, anther ear, and dwarf, 
5 eed of which was kindly furnished by Professor Emerson. The strain 
derived from the Esperanza resembles Emerson’s dwarf while the dvyarf 
trom Pawnee more closely resembles the anther ear, but both variations 
rith respect to stature occupy an intermediate position between anther 
wand dwarf, probably due to the height characteristics of their j)arenLal 
strains. The tallest of the dwarf plants, however, are less than half the 
height of their normal sibs, and while variation exists among them they 
never approach in height plants of normal stature (PI. i). Without 
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having tested these variations by interhybridization, it seems certain I’n * 
at least the smaller of our dwarfs is identical with that known as 
by Emerson. 

This latter form has been used in the hybrids described in Ole paf'e* 
and to obviate circumlocution is referred to throughout as dwarf. 
reader should bear in mind, however, that close somatic resemblance < 
no certain indication of genetic identity, though the very close similarii v 
of all the teratological characters of these andro monoecious forms raise- 
the question as to whether these variations are not due to some comnr- 
causes. The andromonoecious dwarfs and semidwarfs seem ahvavs t'* 
appear as simple Mendelian segregates formed of a complex of char^icterj 
whose component parts, or at least characters very similar in appearance 
are known to occur separately and in different combinations in 
nondwarf strains. The most striking characteristic of dwarf i> ii.; 
greatly reduced stature, which often is less than one-fiftli that of iiornia' 
sister plants, although there seems to be no compensating increase in ti-,,- 
diameter of the culm. The leaves are reduced in length and increjn- i 
in width, entirely altering the normal proportions and giving the 
a peculiar tobacco-leaved appearance. Associated widi the reducti -;! 
in stature, there is also a proportional reduction in the size of the tasst;, 
and the number of branches seldom exceeds tliree. Perfect flowers ur 
staminate spikclets with large anthers are found tliroughout the (.ar, 
which usually terminates in a staminate spike, but, notwithstanding 
excess of staminate development, pollen is shed sparingly and the antherj 
are rarely fully exserted, and even more rarely dehisce. The plaiits 
seem exceptionally vigorous and sturdy and the leaves are a very dark 
green. The reduction in stature is accomplished entirely through a 
shortening of the internodes — not through a reduction in their nuirihrr, 
which remains the same as in normal sister plants. In tliis respect the 
plants of dwarf resemble the plants of brachytic, a type of dwarf in nliich 
the stature only is reduced (Pi. 2, 3). 

The brachytic type also has appeared in unrelated stocks. The eliic; 
characteristic of this variation is a shortening of the internodes, which 
includes also the homologous parts of the tassel, resulting in a reciuch'i! 
of the branching space. This reduction seems unaccompanied by other 
changes in the tassel, with the possible exception of a slight increase ii; 
the number of tassel branches. There are a few other minor change', 
such as an increased diameter of the stalk, but nothing of a strihiii; 
nature comparable to the reduction in stature. The leaves are of the 
same size and proportion as in normal plants and there is no leiidenev 
to produce perfect flowered ears. There is evidence, however, that Use 
brachytic, like the andromonoecious dwarf, is associated with the deve]"])- 
ment of staminate spikes on the ears { 8 ). 

FIRST GENKRATJON 

In view of their common characteristic of shortened iiiteriiode?, 
might be supposed that crosses between dwarf and brachytic pba'c 
would produce nothing but plants of short stature, However,^ such i? 
not the case, for the first generation of such hybrids consists of noniui^ 
plants fully as tall as the normal plants from which the iimnediaic 
brachytic parent is derived, the observed height being 21.0 ±1.03 dciu. 
These plants are also normal with respect to all other teratologicai 
characters of their parents. Wliilc it is not uncommon to find that 
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ovses between variations somewhat similar in appearance result in the 
^'itoration of tlie normal form, these two dwarfs are so strikingly alike 
ifilie characteristic of reduced internode length that Fj plants of nor- 
stature were not anticipated. 

Tliat die combination of these two dwarf forms should restore com- 
.-.relv tall stature furnishes an impressive example of the potential 
CVedhary possibilities resident in abnormal variations and deinon- 
die futility of predicting the hereditary behavior of defects 
•vhich appear similar. 

SECOND GENERATION 

the distribution to be expected in tlie second hybrid generation of such 
, assuming that the two characters are unrelated genetically, is 
raoe normal, three brachytic, three dwarf, and one representing a com- 
•jiriatiou of die dwarf and brachytic forms, the physical cliaracteristics of 
v.liich can not be predicted from tliose of the parents. Six rather large 
^ro^enies were grown, but no group representing the combination of the 
vachvtic and dwarf variation was recognized. The classification of 
. 'ants is given in Table 1. 

tlie number and percentages of the three types of plants obtained in 
the second generation of the dwarf- brachytic hybrid 


X'umber of - I'ercentage of — 


i'roieny. 

: To till. I Ikorhj'tir. UwaU. 


T R31 I 2 J j 45 ; ^■56 204 j 22.1 ± 2.00 . 17. 6 ± 1.8 

1.2 R2 1, 107 I 39 : 17 163 1 23. 9 bl.90 ■ 10. 4i_1.6 

[.3R21. 140 60 : z8 228 j 26.3 ±2,00 12. 3±i. 5 

t,4 R21 , 145 45 6 196 j 23. o ± I. 90 I 3. I ± . 8 

1,5 R2 r . . 143 I 40 j 8 191 ; 20. 9 ±2. 00 4. 2± 1. 0 

l-i R22 560 172 ; 192 924 j 18. b .21 20. 8± .3 

Total 1.218 401 i 287 1,906 ' 21, 04 !. .20 15. I i: .17 


The first five progenies were grown at Arlington, Va., in 1921, and the 
hxth at the same place in 1922. Unusual care was exercised in 1922, 
and both soil and weather conditions were much more favorable for the 
.'urvival of dwarf plants tlian they were in 1921. In the discussion to 
f'lliow only plants raised in 1922 are considered. 

Subsequent breeding experiments mth self-pollinated brachytic ]>lants 
;u)ui these segregating Fj progenies have shown that the combination of 
'be tuo variations resembles dwarf plants very closely, being somewhat 
:naller perhaps, though not strikingly so, and having the accompanying 
I lanieteristics such as perfect flowered ears, etc. (PI. 4) . In this resjiect 
[die doifble recessive form of brachy tic-dwarf differs markedly from that 
Tjuiid by Emerson in the* cross between d^varf and anther ear, where a 
strikingly small and rather easily identified sterile double recessive was 
‘'dilated in the second generation. 

Sixteen Fg progenies were groivn from self-pollinated seed of brachytic 
segregates in the Fg populations of 1921. Of these, just half proved to be 
beterozygous for dwarf, these dwarf plants representing the double 
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recessive combination. While two-thirds or ii of the i6 v^’ould h, 
expected to produce dwarf plants if the brachytic and dwarf charactf!^ 
are independent, the departure of 3 from this expectation may? 
ascribed to chance. Curiously, the percentage of germination' 
slightly higher in the segregating progenies than in the others, but do* 
significantly so. The percentage of dwarf plants in the 8 progenies was 
very close to the expected, though 2 were very low. It is interestincf to 
observe that the percentage of germination on the 3 progenies which 
were below the expected in the percentage of dwarf plants is 13,8 ,.3 1 
lower than the progenies which equaled or exceeded the expected pcr- 
centage of dwarfs, The classification of plants is shown in Table II. ’ 

Table 11. Showing results obtained from growing self -pollinated seed of the brachui: 

plants which reappeared in theF.^ of dwarf -brachytic; the dwarf plants obtained Tepreux-, 
the combination of the two characters, dwarf and brachytic; the cotints are made oj 
lings raised in greenhouse fiats 

PROGENIRS SKCREGA'riNG FOR DWARF 


3 

4 

5 

6 

7 

8 

Total 



Number of — 


Pereentagf 

Seeds 

Non- 

Dwarf 

Ceniii- 

Germf- Dwarf 

planted. 

dwarf. 

seedlings. 

seeds. 

nation. wt'dlinp 

108 

49 

29 

78 

72.0 37.2^: 

100 

73 

27 

TOO 

TOO, 0 27. 0 _ 

106 

62 

‘9 

8t 

1 ^- 5 ' A -■ 

TOO 


31 

96 

; 96.0 32.3.: 


52 

; 18 

70 

60. 9 23. 7--: 

100 

i 65 

9 

74 

74. 0 12. ir: 

100 

i 52 

4 

56 

56. 0 7. 1 - : 

TOO 

60 

29 

89 

89.0 32. fir . 

829 

47S 

166 

[_ 

77, 7. 25. Sr! 


PROGENIRS NOT SIvOKEGATING FOR DWARF 


i 108 

96 1 

96! 

89. 0 

i 80 ! 


48 

60, 0 

i 117^ 

no ! 

1 10 

94.0 

; IIS '■ 

93 

93 

81.0 

102 

93 ^ 

93 

91. 0 

IIS . 

90 : 

I 90 

78. 0 

100 ' 

TO 

10 

j TO. 0 

102 

99 ’ 

99 

! 97-0 


Total ! : 639 ! 639; 76.2 


The inclusion of the double recessive class in the group ot dwai. 
stature should have been reflected in the ratio of dwarfs to Ibc on . 
groups in the populations, the expectation then being nine nonim 
three brachytic, and four dwarf, but it is reasonable to suppose tha. ^ 
relatively high death rate for dwarf plants in field cultures so 
the percentage of this type that the small increment due to the aaa - 
of the double recessive combination did not fully compensate i 
loss due to low viability. 



Inheritance oj Dwarfing in Maize ,01 

— 

When crown under more favorable conditions in greenhouse flats, the 
pntaA of dwarf seedlings, which are recognized easily by their short 
leaves is found to approximate closely the expected 25. Thus 
progenies involving 823 plants gave, respectively, 3i.4±2.4, 
1:7+ 1 74, and 21.3 ± with a percentage of 24.7 ± 1.02 for the com* 

^‘“^^^ments were made of five characters of 924 plants of the second 
pneration progeny grown at Arlington in 1922. These plants also were 
lassified arbitrarily into the three groups of normal, dwarf, and brachy- 
7 stature. In addition, the plants were classed for pericarp color, 
itliers in the ear, and staminate spikes on the ear. These latter might 
better have been measured, since they varied ^eatly in length and in 
jlje ratio of the staminate to pistillate portions. The hybrids also 
involved liguleless leaves and were classed with respect to this character. 
The biometrical constants of these characters are given in Table IH and 
ihe percentages of individuals showing them in the three groups and 
in the total population are given in Table IV. 


lABih' III. ^Biometrical constants for the second generation of the dwarf-brachytic hybrid 
grown at Arlington, Va., IQ22 



Tadlu IV . — Percentage of plants in the three stature groups having ike characters liti d 
in column l 


Ch;iractcrs. 


Normal. 


Stature. 

Dwarf, 


Brarhytic. 


Total 

population. 


Bradivtic 

i'"arf 

i i 

I'l.'/xt flowered ears 

spikes 

y^uc pericari: 

‘XoM.!;- ivitlioiit branches. 


Per cent. 

PE. 

1 Per cent. 

PE. Per cent. 

PE. 

Per a nt. 







27.0 

I. 26 

2D. 3 

1.94 27.9 

S-.1 

25-8 

.6 

1 .22 

' JOO 00 


I- 21 

22.9s i 

36.2 

\'f 

j 09-9 

18^ 2 

1.45 

40. 9 1 

20. 9 



4- * 40 - .% 

4- 


2.2 

■ 42 

67.8 

2.3 ■ 2.9 ; 

■ss 

i6. 2 1 


inheritance of size CHARACTliRS 
As was to be expected, the height of the plants as measured in deci- 
tiers showed a trimodal distribution, the dwarf and brachytic plants 
Krming a group at the low end of the scale. The frequency distribution 
this character is shown in figure r and their relative heights are 
shown in Plate 5. 

in the cross between dwarf and anther ear, reported by tlie Emersons, 
''here normal stature also was restored in the Ej, the distribution with 
’■Aspect to height shows tlie anther ear and normal segregates to be more 
04485--23 2 
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1 • of the same height, while the dwarf segregates are][niiich smaller 
'^'no overlapping (5). This is different from the brachy tic-dwarf 
*‘hrid where the brachytic and dwarf segregates form one group and the 
"■^als the other. An examination of the height data shows that 
hvtic occupies with respect to stature a position intermediate between 
ear and dwarf, approaching the dwarf stature rather more'closely 





Fi . . -Coraparisou of the plant heights of normal, anther ear, and dwarf as by the liinersr>ns. 

S.HI1 mirmal, brachytic, and dwarl from the dwarf-brachytic hybrid. A, Average hmht of tmer^ns 
rwtnal. anther ear. and dwarf plants. B, Average height of normal, brachytic, and dwarf plant Irom 

the dwarhbrachytic hybrid reduced in proportion to the different^ between the normal segregates oUhe 

twe hybrids. C, Average height of normal, brachytic, and dwarf plants from the d warf-farachytic hybn . 


than the anther ear. This relationship is shown diagrammatically in 
figure 2. 

The entire population of the brachy tic-dwarf hybrid was taller than 
that of Emerson’s anther ear dwarf, but in reducing each stature 
group of the brachtyic-dwarf hybrid in proportion to the difference 
between the normal segregates of the two hybrids, the groups of dwarf 
stature are found to be very similar, the mean height being 3 and 3.87, 
respectively, while the mean height of the brachytic group becomes 6.8 
as compared with 14.8 for’ the antlier ear stature.^ 


piTW Vi populations are shown in the Emersons paper. Two of these populations 
the mean height of the three groups, while tie other (the first) is somewhat smaller. I^n mak ng 
Wht wimparisous, Uie group haviug the tallest plants of normal stature was chosen, this population 
had the largest number oF individuals but the relationships of the three h^ht groups tn anther-^ 
^warf to thrise ol the brachytic-dwarf would remain very much the same irrespective of which ol the three 
«th«--«ar dwarf groups was selected. 




304 


Journal oj Agricultural Research 


VU. XXV. 

The length of the fifth leaf from the top also showed a good binioH • 
distribution with the brachyUc plants, forming a somewhat in termed^? 
grouping, as shown in figure 3. 

The width of the fifth leaf was strictly unimodal, with the dwarf nh 
grouped at the upper end of the scale. There was little differen^ 
between the normal and brachytic plants with respect to this charac^ 
as is shown in figure 4. 

From the length and width of the fifth leaf it was possible to formulate 
an expression for leaf shape. This figure has been designated leaf inde 
and was obtained by dividing the width by the length. 

The distribution of plants with respect to leaf shape was bi modal 
with the dwarf class well grouped at the upper end of the scale and the 
brachytic and normal plants occupying the lowei* end as shown ir 
figure 5. 

Witli respect to the number of tassel branches, 68 per cent of Uie dwari 
plants had no branches and the highest number of tassel branches fowiij 


.V'-rrequciicv Ji;tiibiition for of fiftli leaf. Shadeil portion, dwarf plain.; -yli I Ii:;-.'. 

bracliyti.’ pla.its; broken line,';, normal plants. 



in tliis group was 6, while the brachytic plants ranged from 0 to 3; 
branches and the normals from o to 44, the latter forming a fairly regular 
distribution, as is sho\wi in figure 6, 

The brachytic and dwarf plants differed little in total number of leaves 
though both had an appreciably higher number than the normal plants. 
The distribution, however, was unimodal, as is sho^\Ti in figure 7. 

The relative differences between the segregates with re.spcct to all 
measured characters is shown in figure 8. 

From the character of these distributions it would seem that in the 
case of the dwarf variation a relatively few hereditary elements rill 
account for the differences between tliis and the normal form. 
bel]a^•ior of the leaf lengths and shapes is veiy different from that en- 
countered where short, broad leaves of nondwarf stock are crossed rith 
relatively long, slender leaves of some other strain. In such cases the 
frequency distributions are unimodal, the indication being that several 
hereditary factors are concerned in the differences between the parents 
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CORRIiLATIONS OF MKASURED CHAR.^CTHRS 

Xhe character of the distributions in most cases precludes tf^e use of 
Ve correlation coefficient, since the measured character so often is bimo« 
Recourse may be had tofoiirfold groupings, dividing the population 
rbitrarily into two groups of tlie measured character, but when such 



//V C£A/r/M£ 7 '£/ 5 S 

Fi^» i— Frequency distributioa for wJiJtb of leaf. Sliaded portion, dwarf plants; solid lines, bracliylir 
plants; broken lines, normal plants. 

livisioiig are made with due regard to the character of the distributions 
class is often zero or very small. Under such conditions a correlation 
eoeiTicient is practically without meaning, and such coefficients have not 
Calculated. In those cases where the data justified the use of t):e 
bscrial correlation, the coefficients have been calculated and are given 
la Table V. For the most part, however, the frequency polygons will 
give a clear conception of the nature of the inheritance. 
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V Coefficients of hiseriai correlaiio^u in thu second generation of the dwarf- 
■ brachylic hybrid 


Measured characters. 


len'th lea^ 

iiidihleaf •■ 

Vathcf branches 

tnal number leaves,... 

index 




Stature groups. 


Normal versus 
brachytic stature. 


I ®-o.40±.o33 
,j . 20 ±. 037 

. I2±. 036 

■I .7S±-04S 

. 22±,037 


Normal versus 
dwari stature, f 

Dwari versus 
brachytic Stature, 



0. 37 ±.029 

0, 431 ±.037 

. 09 ±. 063 

099±. 054 


‘^-.882±.o35 



iMimis sign indicates negative correlation with brachytic stature. 
' > rreiations are positive with dwarf sUture. 
t Minus sign indicates negative correlafaon with dwarf stature. 



^\hile the heterogeneous nature of the Fj plants precludes the possi- 
bility of analyzing the correlations of the measured characters in tlie 
?t*Pu!ation as a whole, some insight may be gained on tlic interrelations 
these cliaracters if the three groups of plants, normal, brachyUc, 
Slid dwarf, are analyzed separately. These correlations are given in 
Table VI. 
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In each of the three groups of stature^ tall plants are found associate 
with long leaves, a relation to be expected from the standpoint both r' 
physiology and genetics. It is of interest, however, that the relation 
ship is no closer, especially in the group of normal stature. 

With leaf width, height is found to be negatively correlatcu in thp 
brachytic group, while the coefficients of correlation in the other tu' 
groups are essentially the same as for leaf length. The negative correb 



fiG. 7.“FreQueiicy distribution for total number of leaves. Shaded portion, dwarf plants.; solid li- 
brachytic plants; broken lines, normal plants. 


tion in the brachytic group indicates that some sort of segregation oi ui 
dwarf stature and wide leaves is taking place in this group, since a iifj: 
tive correlation would be expected if the association were due to phv^ 
ological causes. The correlation with leaf index indicates that tii 
leaves were broad, not only absolutely but relatively, this fact bcin^' i 
the nature of a substantiation of the hypotliesis that some of the plan' 
classed as brachytic were potentially dwarfs with respect to__ these clia 
acters. 
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TabiH VI . — Correlation coeficienU of the measured characters in the three m 

plants of the dwarf-brachytic hybrid, normal, hrachytic, and dwarf '• ^ 




Length 

Width 

Number 

Total 


Height. 

fifth 

fifth 

tassel 

number 



leaf. 

leaf. 

branches. 

leaves. 


\ 







0.215 

0.217 

-0.045 

0. 161 

Height. 


•434 

— i 281 

-.071 




• 44 * 

■399 

■ 164 


Length. 

■215 


•2.?5 

. J41 

100 

fifth 



I61 

. 463 


leaf. 

.441 


.6.0 

.305 


Width 

-'III 

■255 


.427 

. 118 

leaf. 

'■ . ,199 

,6.0 


.148 


Number 

1 -. 045 

■ :: 4 I 



i .032 

tassel 

-.071 




brauches. 

. irt4 

, 20j 

. 14^ 



ToUl 

. 161 

- Trtrt 

.118 

1 

■ 037 


number 






leaves. 






Leaf 

.log 

'■ 393 

.618 

.197 

.147 


-.476 

-.672 

. 787 

-.igj 



-.04s 


.496 

-. 148 



Leaf 

index. 


Stature, 


0 - tog Normal i 

-‘476 hrachytic.: 

-.045 : Dwarf.J 


-•393 ! Normal 
-•672 ; Bracliyti,. 
“•261 ! Dwarf. 


.618 

' Nonnn1, 

. 782 1 Brachytic. 

•496 

Dwarf, 

■*97 

Normal 

-■ 193 

Brachytic. 

148 

1 Dwarf. 

.143 j 

Normal, 


Normal. 


Brachytic, 

\ 

Dwarf. 


■ In the group of normal stature coefficients above o, 103 arc greater than three times their error, 

* In the group of brachytic stature coefficients above o. igo are greater than three times their error, 
> III the group of dwarf stature coefficients above 0.147 arc greater than three times their error. 


With no genetic interference, wide leaves are found to be correlated 
with tall plants. In the present hybrid the parental combinations 
were the reverse of this association and the short plants had the vide 
leaves. 

When the biserial correlations of type of plant with leaf width are 
examined it is found that as between normal and dwarf stature, short 
stature is correlated with wide leaves, 0.37^:0.029, and as between 
brachytic and dwarf short stature is associated with wide leaves, 0.4,^, 1 
0.037. When the two stature groups, normal and brachytic, are com- 
pared it is found that tall stature is correlated with wide leaves, 0.2 r 
0.037. 

As stated above, the product moment correlation between stature 
and leaf width in the brachytic group is — 0.281 ±0-045 between Ull 
stature and wide leaves. Obviously, such an association can be only 
genetic, since a normal physiological behavior w^ould lead to a positive 
correlation between tall plants and wide leaves. There can be little 
doubt that a genetic correlation of this sort must be reduced in decree 
by an amount proportional to the positive correlation expected for 
physiological reasons. In this case the normal interaction of phv>uv 
logical factors in tlie brachytic group would be expected to be at Icaf- 
as high as that found in the normal group, w±ich is 0.217 ±0.033, so that 
the effect of the genetic factors must be the difference between the corre- 
lation observed in the normal group and that found in the brachytic 
group, or 0.498, which is a rather high degree of relationship. 

Such a result indicates that in tdie brachytic group there are segre 
gating height factors resembling dwarf in that they are associated als( 
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farfors for broad leaves. This would be brought about if dwarf 
'"^V were iacluded among the bracfaytic plants in the classificaUou 

the frequency polygon for stature in tk brachytic group 
firt-s cle^ly that there is no bimodality, and an examination of the 
broad-leaved plants in this group fails to show any of the other 
characters, such as few tassel branches or perfect flowered ears 
.limtuahDg the possibility that the plants were classified improperly. 

^ \ further substantiation of the dwarflike characteristics of certain 
hrachvtic plants is found in the negative correlation between length and 
nidth of leaf, a correlation which is positive in both the normal and 
dwarf groups. Almost as unexpected is the rather high positive corre- 
lation of length with width of leaf in the dwarf group, the group which 
as a whole has short wide leaves. The restoration of the normal physio- 
logical correlation indicates that there is no segregation of varying 
degrees of dwarf ness as such in this group, but rather that such variation 
as^rists is due to the effects of environment or possibly to unrelated 

modifying factors. 

The correlation of width of leaf with number of tassel branches in both 
the dwarf and brachytic groups are much smaller than the correlation 
in the normal group, though all three are positive. The coefficients in 
tlie brachytic and dwarf groups do not depart significantly ‘from zero, 
wliile the coeflicient in the normal group clearly is significant. The fact 
that the normal physiological relationship of wide leaves and many 
tassel branches has been largely reduced in the brachytic and dwarf 
croups indicates that a genetic cause is involved, an indication which 
derives support, of course, from the fact that the dwarf parent represents 
a condition where not only relatively wde but actually wide leaves are 
associated with few tassel branches. 

The number of tassel branches shows no other unusual relationhips. 
The correlations with total number of leaves were not calculated for 
other than the normal group, since on both brachytic and dwarf plants a 
large number of leaf tags were lost. 

Thus the population of these groups was reduced, and since the loss of 
tags was in inverse proportion to the height of the plants a selective 
action was involved which might result in spurious relationships so that 
correlation coefficients would be of little value if calculated. 

inheritance of teratological variations 

STAMINATE EATi SPIKES 

The percentage of plants with s laminate ear spikes in the whole F, 
population, including normal, brachytic, and dwarf plants, is 40.91!: 1.14. 
The three groups of stature — normal, brachytic, and dwarf, had, respec- 
tively, 26.2 ±1.28, 18.2 ±2.27, and 99.4 ±0.4 per cent of the plants with 
staminate spikes. 

Ihe difference in percentage of this character between the normal and 
tyachytic ^oups is 8.o±2.6i, or 3.06 times the error. Yule’s coefficient 
ot association between normal stature and the development of staminate 
Tikes in the normal-brachytic population is only 0.229^0.074, while 
tJe departure from a 50 per cent crossover ratio as measured by is 
h7i- It may be concluded, therefore, that the brachytic and normal 
f^roups are alike with respect to the development of staminate car spikes, 
00th approximating 25 per cent. The hypothesis has been advanced 
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previously that the development of stamina te ear spikes is depend 
upon tlie interaction of two factors, the character appearing when 
or both factors are homozygous recessive (<?). In Edition, one of 
factors is associated or li^ed with brachytic, while the other is ind^ 
pendent of stature. ^ 

The percentages of this character in the three stature groups of i!^ 
present hybrid necessitates the assumption of a third element for th^ 
production of staminate spikes. This third element is linked closely 
with dwarf stature. 

Such characters are generally considered as multiple factor character 
comparable with those which come into expression only when all the 
factors are homozygous recessive. There is little to justify such a class- 
ification except perhaps an inability to distinguish somatic differences 
an inability which admittedly is personal. 

Witli cases such as the aleinone color of the seeds, where all white 
seeds have very much the same shade, there is little hope of distinguish- 
ing a difference between the several factors and little is to be gained 
by considering each of the several forms of genetic whites as separate 
monohybrid characters. With other characters where distinctions are 
not made in the beginning they are often recognized later, and tlie varia- 
tions are then classified as independent monohybrid characters. 

It would seem best to consider those characters which come into expres 
sion when single or when each of several factors is homozygous recessive, 
as distinct monohybrid characters, even though they can not be dis- 
tinguished readily; whereas those characters which appear only when 
more than one factor is homozygous recessive are true multiple factor 
characters. With the former each variation in the germ plasm results 
in a visible somatic change, while in the latter a somatic change results 
only from the cumulation of several variations in the germ plasm. 

It is obvious that a cross involving two independent monohybrid 
characters which are indistinguishable m appearance would result in the 
familiar 9 : 7 dihybrid ratio in the second generation, and the present 
hybrid may illustrate such a case. 

It is clear that the dwarf-brachytic hybrid is homozygous dominant 
for the factor for staminate ear spike which is linked with brachytic and 
heterozygous for a factor independent of stature. If this were all, then 
monohybrid ratios would be expected for the entire population us well 
as for each stature group, but if a second staminate ear spike character 
were involved, the gene for the latter being identical or closely linked 
with dwarf stature, the observed percentages would be approximated 
closely. 

On this hypothesis 23 per cent of the plants in both the normal and 
brachytic groups would be expected to have staminate ear spikes while 
all the plants of dwarf stature would have tliis character, and the per- 
centage for the total population would be 43.75, provided the three 
stature groups wTre present in the expected ratio of 9:3:4. 

If this hypothesis be true, there are then four staminate ear spike 
characters, all similar in appearance but distinct genetically. One ol 
these is linked closely with dwarf stature, ot^e is associated with tlie 
anther ear sernidvvarf of Emerson, one is linked with brachytic culms, 
and the other seems independent of stature. 

Variations such as these, strikingly similar in appearance, which prove 
to be distinct genetically when crossed, are being found with increaapg 
frequency in maize. When such variations affect a similar and peculiar 
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M ibination of characters, as is the case with anther ear and dwarf or 
'parf and brachytic, the question of a common cause can hardly be 
ided. From the mode of inheritance of these characters there can 
no doubt that independent genetic chang^ have taken place on sepa- 
chromosomes. That such strikingly similar somatic resemblances 
arise as the result of the alteration of unrelated and wholly separate 
1 ereditary elements appears incredible. It seems more probable that in 
*\ize some or all of the 10 chromosomes are practically identical, each 
Idth hereditary elements for all the characters of the complete plant as 
J.^rcrested by Emerson (j). Such a hypothesis permits the prediction 
that all characters in maize eventually will be found to involve at least 
]0 independent factors and that these factors in a general way will have 
similar linkage relations. 

Thus the shortened internodes of dwarf and brachytic are genetically 
distinct, aud both are associated with the development of staminate 
cur s]>ikes. These spikes, like the shortened internodes, though bearing 
cliise resemblance to each other, are wholly distinct from a genetic 
suuidpoint. Even more striking, of course, is the character complex of 
anther ear and dwarf. It seems not unreasonable that a change of 
wiialcver form in a similar group of genes in separate cliromosomes 
viould result in a somewhat similar somatic behavior. Such a hypoth- 
e?i5 is in accord with tlie fact tliat most linked groups involve diverse 
(tr-mns and that the factors or hereditary elements for multiple factor 
diaracters are not found in one chromosome but are distributed through 

inmiv. 

If’othcr organisms possess identical chromosomes, then those organisms 
wilh few chromosomes should have relatively simple characters, speaking 
in a genetic sense, while those with many chromosomes should have 
eninplex characters composed of many factors. If mutations occur at 
liie same rate iu organisms with few chromosomes, as in those with 
many, then those organisms with few chromosomes should have many 
multiple allelomorphs while tliose with many chromosomes should have 
multiple factor characters. 

PERFECT FLOWERED EARS 

I’erfect flowered ears always have been found associated with the 
dwarf stature in its numerous appearances. The character is of more 
than usual interest since it represents a reversion totvard a more primitive 
iorin of maize, comparable in some respects to the ramose and tunicate 
lorms, Perfect flowered ears are not limited to dwarf plants, and many 
maize breeders have encountered them on plants otliervvise quite normal. 
In the writer’s experience the character is ephemeral, rejjeated inbreeding 
miliDg to stabilize its appearance in stocks of normal stature; and since, 
itrivily speaking, it is the development of vestigial floral organs, it may 
■'VcIl be that environment, especially photoperiodisin, which is recognized 
as having a profound influence on the development of sex organs, is an 
iniportant factor in its expression. 

In the present hybrid, '22.95 + 0.98 cent of the plants were found 
■'J have perfect flowered ears. This seems fairly close to the expected 
T' per cent and it may be accepted as a Mendelian character, 

'^hea the three classes of plants — normal, brachytic, and dwarf are 
Examined witli respect to this character, it is found ^hat of the normal 
plants only 0.6 ±0,22 per cent have perfect flowered^ears, while of the 
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brachytics 4.5±i..2 and of the dwarfs all have perfect flowered ear 
The distributions are: ' 



Pistillate 1 
ears. 

Perfect 

flowued Tout 

Normal stature 

o o 

? ; i;?i: I ft . 

Brachytic stature ... 

6 

187 

'fi 4:54:.;" 

107 , 100.00- 

Dwarf stature 

Total 

658 

i 196 

1 ^54 23-0 .t.M 


Combining the brachytic and normal stature groups, which differ onlv 
slightly in excess of three times the error in the percentage of plants with 
perfect flowered ears, the resulting fourfold distribution is : 


Nondwarf 
Dwarf, . . 


Total 


Pistillate 

ears. 

Perfect 

flowered Tcui. 

ears. 

658 

9 ■ 60 

0 

18; i> 

658 

196 g: 


booked at as closely linked but distinct characters, Haldane's P =0.988^ 
with the percentage of crossover 1.12 (6). The expected distribution 
on the assumption of a r.12 per cent crossover is; 


Expected 

Observed. 


6.36.3 

4. 2 

4 . 2 2<y; ; 

658. 0 : 

0 

9 

22. 0 ' 

i 

+ 2 

4.8 


12,75 ; is a radier poor fit, but in this case the departure horn 
tlie Mendelian percentages are being measured also, and there is direct 
evidence that the population has been reduced through the low viability 
of the dwarf plants. With this knowledge, it seems quite fair to calculate 
the expected on the basis of tlic actual percentage of dwarf plants found, 
since the end result will afford an opportunity to determine wbethei 
the absence of crossover plants in die dwarf group is of any significance. 

The distributions, taking into account the low percentage of dwar 
plants, become— 



661. 1 

I 658.0 

6 

i ^ i 

3. 7 

0 1 

183-3 

: 187. 0 

Observed 


1 3-1 

i 3 

3-7 1 

3.7 (x*=S-=^' 
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The fit is rather better, and it seems safe to conclude that the genes for 
5 .. rf stature and perfect flowered ears are located in the same chromo- 
‘“''Je with approximately i per cent of crossing over. 

^ The failure to And a crossover class involving the short stature of 
v -arf suggests that such combinations fail to survive, though such an 
J'*' thesis seems wholly without a logical basis, since all crossovers in 

<noup would be in the direction of normal plants and, therefore, 
^hwretically have a higher survival value than the noncrossover, unless 

assumption is made that some or one of the characters associated 
Hih dwarf stature is closely linked with dominant factors for growUi, and 
I'Jnce the crossovers with stature would have still a lower survival value 
than the dwarf complex. In some aspects this hypothesis seems worthy 

: of consideration. 

Lethal or semilethal characters that recur constantly must be due 
‘ither to frequent mutation or, as seems more probable, must be asse- 
'lated with some hereditary element that raises the survival value of the 
heterozygous stock. While mutations are known to occur in certain 
vtocks with frequency, if such mutations have a negative survival value 
mIv, it is difficult to see how they and their mutating stocks persist, 
since their lethal nature insures their rapid elimination. That stocks of 
maize heterozygous for lethal characters are common is well known. 
Perhaps the most widely recognized of these is the albino, or white 
seedling, which, of course, never produces seed. There are others not so 
well understood but equally lethal, while the number of semilethals 
seems le<non. Perhaps the most common of these, from the standpoint 
of repeated occurrence, is the andromonoecious dwarf. If, as has been 
suggested, maize possesses dominant factors favorable for growth, tbe 
problem of the recurrence of lethal factors is simplified by predicating 
that the deleterious variations which reappear frequently are those closely 
linked with one or more of these factors for growth, though the mutations 
need not have arisen in the chromosomes with the favorable growth 
factors since occasional crossovers would permit tlieir survival. On 
this hypothesis it seems clear that lethal or semilethal variations must 
be tliok closely linked with the factors favorable for growth and . therefore, 
though destined for death in the homozygous condition, have a survival 
value as heterozygotes higher tlian that of normal plants. If this be 
true, then in a stock heterozygous for lethal or semilethal factors, the 
homozygous normal plants should be inferior in reproductive value to the 
heterozygous ones. 

Breeders long have recognized tliat certain variations have a sturdy, 
vigorous appearance which belies their inherent defects. Combinations 
01 such variations usually make very favorable first generation hybrids, 
sod it should be possible to reconstruct a high yielding strain by com- 
bining the deleterious recessive variations. If this be true generally, the 
practice of inbreeding and discarding those progenies which show dele- 
terious Mendelian variations is resulting in the elimination from the 
stock of the most desirable hereditary elements. 

The survival value of dwarf plants under field conditions is so low that 
a higher deatli rate for the crossover classes in this group could pass 
tuinoticed, and of course there is no possibility of recognizing tliem in 
die seedling stage. 
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In an unrelated hybrid between Esperanza and lipleless, the comt; 
nation of pistillate ear and dwarf stature was obtained. The fourfot* 
distribution in this hybrid is : 


Normal stature, 
pistillate ears. 

Normal stature, stature, 

periect flowered pistillate ears, 

ears. 

Dwarf stature 
perfect flowered 
ears. 

210 

10 4 

! ~i 

i 1 


The percentage of perfect flowered e^s is 21.3^1.67 and the per- 
centage of dwarf plants is i 9 .i±i- 6 , while Q — 0.992 ± 0.004, indicating' 
about 5 per cent of crossing over. 

LIGULBLESS EEAVES 

The percentage of plants with liguleless leaves in the entire populatiot 
was 25.8 ±0.97, while tlie percentage in the normal group was 27.0^ i.j; 
in the brachytic 2 7.9 ±2.3, and in the dwarf 20.3 J: 1.94. Since the per 
centage for the entire population closely approximates the expected, thf 
low percentage of liguleless plants in tlie dwarf group can not be charger 
to a low survival value of the dwarf-liguleless combination. There i; 
little evidence, however, of a linkage, since Q- 0.2 ±0.06 between dwar 
stature and normal leaves, the parental class being dwarf stature am 
liguleless leaves. The percentage of liguleless plants in the combine.: 
normal and brachytic group is 2 7.2± i.i, from which 20.3d: ^.94 differ h 
6.9 ±2.23, or but slightly in excess of three times the error. 

While there seems to be no association between stature and liguleks 
leaves, there is a pronounced correlation between liguleless leaves an.; 
few tassel branches. This correlation is found in all three of the stainr. 
groups, being greatest in the brachytic and least in the dwarf. Sncli : 
correlation is in the nature of a coherence and may indicate a linkagi 
between these characters, one of which is certainly very closely associ 
ated with dwarf stature. The frequeupy distribution for number 0 
tassel branches with respect to normal and liguleless plants of tall statur 
is shown in Figure 9, 

Table VU.—Biserial correlations with liguleless leaves m the second generation of dTr_ 
brachytic 


PoiiulaLiou of— 

Characters correlated with lifuleless. j ! 

i Normal stature. ; Brachytic stature. Dwarf st-iVa: 


Height of plant '3—0.09740.023 ; o. 03140, 040 0. 1934^.' 

Length fifth leaf : —.0154 .023 i— .4044 .04S — .3464 

Width fifth leaf | —.3394 .023 -.3064 .047 —.3°- 7 

Number of tassel branches i —. 5004 .023,'— .6294 .045 — . 27 -I' ■■ 

Total number of leaves ! —.0094 .027 . ii 64 .061 .2694 

Leaf index ; —.1914 .023 —.0934 .048 -.227'-' 


a Minus sitrn indicates a negative correlation with liguleless leaves. 
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A-Ji- 


\'e^^ative correlations are indicated between leaf mdth and liguleless 
j^ives in all tliree groups, and in the brachytic and dwarf groups a corre- 
with length of leaf is found. The correladon with leaf width is in 



9 -Frequency distributions with respect tu number of tassel branches on liguleless and aonUguldess 
piiiiils. All plants ol normal stature. Shaded portion, liguleless plants; mean normal, 30.610.33; mean 
'ihUleless. ii.a±o.4s; diSercncc, 8 . 5 i.o.s 6 ; D/f'>i5.7; biscrial r^-o-so. 

ihe nature of a disherence, since tlie parental combination was liguleless 
and wide-leafed. Disherences of this nature where deleterious vari- 
ations are combined with characters of diminished size indicate some 
5 ' 148^23 3 
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physiological cause. Thus, crosses between short plants with bro 
leaves and tall plants with narrow leaves usually show in the F, a cf 
lation between tall plants and mde leaves— a correlation easily unil ! 
stood. Some such explanation may apply in other cases of di'herea 
where the physiological relationships are not indicated so clearlv 
are working at cross purposes mth genetic relationships, The corre 
lation coefficients are given in Table VII and the biometrical constant 
in Table VIII. ' 


Table \lll.—Biotneirical consianUfor plants mth Hgukless and normal leaves in 
three stature groups, normal, brachytic, and dwarf 

NOKMAL stature 



Normal leaves. 

Lieuleless leaves. 






— 



— 

Difference. 

D;E, 


Mean. 


PE. 

Mean. 


PE. 



Height 

23. II 

3.81 

0. 13 

23 - 77 

4 - 54 

0.25 

To. 66 ±0. 20 


Length fjftli leaf. 

77. 10 

9-85 

'34 

76. 80 

10. 83 

’63 

“■ 30 ± .72 


Width fifth leaf. , 

10. 19 

1-95 

• 13 

9. 07 

1.76 

. 10 

-I. I2± . 16 

i-c 

Number tassel 









branches 

20. 62 

10. 29 

'33 

II. 80 

8. 14 

'45 

~ 8. 82 i .56 


Total number 









leaves 

22. 52 

I- 57 

. 10 

22. 28 

1 - 54 

. II 

^• 24 ± .15 

r.f' 

Leaf index. 

12.47 

2. 11 

■ ^5 

11. 48 

4.91 

.29 

-'• 99 ± -33 




BRACHYTIC STATURE 




Height 

8. 21 

1.92 

0. II 

8.31 

2. 66 

0. 21; 

To. 10 ±0, 27 

C.; 

Length fifth leaf . 

72- 23 

10. 04 

.67 

61.30 

14. 30 

1.97 

— 10. 93 ±2, 08 

V 1 

Width fifth leaf. . 

9 - 42 

2. 14 

• 14 

8, 24 

2. 12 

. 29 

I -i.i8± .32 

j,6i 

Number tassel 







1 


branches 

23.08 

10. 10 

.66 

10. 94 

9 - 95 

1-35 

; — 12, i4±i. 50 

8. 15 

Total number 









leaves 

: 24. 95 

2. 04 

. iS 

2 5-35 

I. 8g 

: '31 

; T' 40 ± • 36 

: I. u 

Leaf index 

; 14. 26 

, 5 - 92 

.40 

13. 29 

S' 96 

.82 

j -' 97 ± - 9 ^ 

1,06 




DWARP STATURE 




Height 

4. 80 

: 0. 98 

0, 06 

5 - 14 

1.03 

0. 12 

To. 34 i 0.13 

2.6c 

Length fifth leaf . 

45 - 9.3 

i 6,17 

'36 

38. 40 

7.68 

.91 

-6. 53 ± .98 

: (j .65 

Width fifth leaf. . 

”-39 

1 2. 22 

• 13 

10. 19 

1.83 

. 22 

— I. 20 ± . 26 

; 4.5c 

Number tas.sel 









branches 

.8 

1 35 

.08 

1 - 19 

1 • 59 

.07 

— . 6i± . >i 

: 

Total number 





! 




leaves 

24. 52 

; 2. 18 

■ 34 

1 25. 50 

i 1.66 

.56 

T. 98 i • 65 


Leaf index 

25-47 

3-73 

. 22 

1 23 .»ii 

.« 

■43 

-I. 59 ± .48 



There seems to be no association between perfect flowered cars and 
liguleless leaves. The fourfold distribution for these characters is; 


Normal leaves. 

Lienlclcss leaves. 

Total. 

Pistillate 

ears. 

Perfect 

flowered 

Pistillate 

ears. 

Perfect 

flowered 

ears, 


45 ^ 

158 

j 160 

40 

1 

809 



, 51 . JS. 19^3 
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ne percentage of liguleless plants is 24.7i1.02, of perfect flowered 
ars 20.8 ±0-97. and Q (Yule’s coefficient of association) =0.167. The 
Toected distribution on the assumption of a 9:3:3; i grouping would 
1 ; 151.7 • 151*7 ■ 50- 5 » which the observed departs by an 
afliount which could be expected as the result of chance about 4 times 

The fact that all but two of the dwarf plants had staminate ear spikes, 
and the possibility that the absence of such spikes in these two cases may 
be due to the activities of the ear worm, necessitates the conclusion that 
character and dwarf stature are very closely linked. It necessarily 
’‘ollows that the linkage relations of the staminate ear spike character 
In question will be identical with those of dwarf stature. But by 
xinfinin^ the analysis of staminate ear spikes to plants of nondwarf 
stature, it becomes possible to measure tlie linkage relations of a single 
factor for the other heterozygous staminate ear-spike character involved 
in this cross. 

This factor is the one not linked with brachytic stature. Confining 
the analysis to those plants of normal stature only, the fourfold grouping 
with liguleless leaves becomes : 


Xonnal leaves. 

Liguleless leaves. 

Total. 

Without 

cfspikca. 

With 

^splices. 

Without 

<}‘Br 4 ]Ees. 

With 

(Tspihes. 


395 

140 

log 

33 

677 


The percentage of plants with staminate ear spikes is 25.6 ±1.1 3 and 
for liguleless leaves 21.oi1.05, while Q = o.o79±o.o7, or practically 
50 per cent, of crossing over. 

' It may be concluded, therefore, that the gene for liguleless leaves is 
independent of this factor for staminate ear spikes, as well as of the 
corresponding factor which is linked with dwarf. 

INHERITANCE OF PERICARP COLOR 

The inheritance of pericarp color in this hybrid presents no new or 
unexpected features. The association of brachytic stature with color- 
less pericarp confirms previous results where these characters were 
found to lie from 31 to 43 units apart. The coefficient of association is 
found to be 0.389^0.076, which for the 13 to 3 grouping is the equivalent 
of 38 per cent ±2.3 crossovers. 


SUMMARY 

fi) There are two forms of dwarf maize in which the^ reduction in 
height is due to shortened intemodes and not to a reduction in the number 
of inlernodes. One of these is known as dwarf, the other ^ brachytic. 
The variation known as dwarf also departs from the normal in characters 
other than stature. The most striking of these other changes are the 
'shortened and widened leaves, the reduced number of tassel branches, 
and the perfect flowered ears. 

(3) When the dwarf and brachytic variations are crossed, the plants of 
tlie first generation are fully as tall as normal plants from which the 
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brachytic variation arose. These plants are normal also with res 
to the other teratological characters. 

{3) In the prejugate generation three types of plants with respect 
statLire are found — normal, brachytic, and dwarf. These three siaiT- ^ 
groups occur in the ratio of 9 3 when due allowance is made for 
low survival value of dwarf plants, indicating that the double recessiv^ 
a combination of dwarf and brachytic, closely resembles the dwarf parer 
This indication is confirmed when tlie self-pollinated seed of secTecrauJ 
brachytic plants is grown. * ^ 

(4) As was to be expected, some of the Fj brachytic plants proved tf. 
be heterozygous for dwarf, their progenies comprising two types 0' 
plants— 'brachy tics and dwarfs. These dwarfs represent the "double 
recessive, being a combination of brachytic and dwarf, but are onlv 
slightly smaller than the dwarf parent of the original hybrid. They are 
found to have all the other characteristics of dwarf plants. 

(5) From their behavior it may be concluded that dwarf and brachvtic 
are two independent variations, both expressed in reduced stature the 
genes for which are located in separate chromosomes. 

(6) The analysis of the plants of the second generation with respect 
to all the characters which differentiate dwarf plants from the olber 
groups shows clearly that the complex of characters associated in tlie 
dwarf variation is not inherited invariably as a unit, llius, many of the 
plants of normal stature are found to have ears terminating in staminaie 
spikes, or tassels with few or no branches, or short, broad leaves, and even 
a few were found witli perfect flowered ears. Such behavior would 
indicate that the combination of characters comprising the dwarf varia- 
tion formed a linkage group with very low crossover values between some 
of the members. On the other hand, the plants of extremely shori 
stature, easily distinguishable from the brachytic and normal plants 
dwarfs, always had other dwarf characters, such as short, broad lea^(■s, 
perfect flowered ears, and few tassel branches. These dwarf segregatcj, 
like their parent, also shed little pollen, though some of the Fj segregates 
seem to have improved slightly in this respect. 

(7) From a consideration of the general features of such variations a? 
anther ear, dwarf, and brachytic it is suggested that in maize, at least se\- 
eral and possibly all the chromosomes are identical, each having a com- 
plete assortment of genes for all the characters arranged in a similar order. 
Such a condition would arise through a reduplication of the chromosome 
number in much the same manner as that observed by Blakeslee in 
Datura (i). 

(8) The recurrence of degenerative variations is discussed and the 
hypothesis advanced that the survival of such stocks is due to the linkage 
relations of deleterious characters with factors favorable for growth. 

LITERATURE CITED 

(1) Blakeslbu, Albert F. 

1921. TYPES OP MUTATIONS AND THEIR POSSIBLE SIGNIPICANCB IN EVOtVTlON'. 

In Amer. Nat,, v, 55, p. 254-267. Bibliography, p. 266-267. 

(2) ConuNS, G. N. , 

1918. TKOPiCAi, VARIETIES OF MAIZE. In JouT. Heredity, v. 9, p. 

fl?- 1 - 3 - 

(3) Emerson, R. A. , 

I91I. GENETIC CORRELATION AND SPURIOUS ALLELOMORPHISM IN M.UZK. 

Nebr. Agr. Exp. Sta. 24th Ann. Rpt., p. 59-90, 9 fig. 



Inheritance of Dwarfing in Maize 


321 




' f^wERSOf?. R- ,, 

’ lorz. THE INHBRITANCB OP CERTAIN ABNORMALITIES" IN MAIZE. In Ann. 
^Rnt. Atner. Breeders’ Assoc., v. 8, p. 385-399, 7 fig. 

^ and Emerson, Sterling H. 

• 1022. GENETIC INTERRELATIONS OP TWO ANDROMONOECIOL’S TYPES OF MAIZE, 

^D^VARF AND ANTHER EAR, In Gcnctics, V. 7, p. 203-236, 6 fig, Litcrotiire 
cited, p. 226. 

!<, H.tLDANE. j- S, 


1919, 


the probable errors op CAIvCLtL.ATED LINKAGE VALUES, AND THE 


most accurate method of determining gametic from CERTAIN ZYGOTIC 

series. In Jour. Genetics, v. 8, p. 291-297. 

. Kempton, J. H. 


1920. 


heritable CHARACTERS OF MAIZE. III. BRACHYTIC CLT.MS. In JoUf. 

Herkity, v. ri, p. 111-115, fig- 10-12. 


1021- A BRACHYTIC VARIATION IN MAIZE. U. S. Dept. Agr. Bul. 925, 28 p., 
g fig., 19 pi. Literature cited, p. 28. 

Montgomery, E. G, 

loir pErPECT flowers in maize. In Pop, Sci. Monthly, v. 79, p, 346-349. 
6 fig. 



PLATR I 

Dwarf and normal maize plants showing relative size. Compare with Plate i 
in which the same normal plant appears photographed at the same scale. 
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PLATE 2 

K^onnal and brachytic maize plants showing relative heights. 



PLATE 3 

Brachytic and dwarf maize plants from which the leaves have been removed com- 
pared with a section of a plant of normal statvire. 



Plate 3 





PLATE 4 

A -Dwarf plant from the second generation of the dwarf-brachytic hybrid showinp 
•Jf type of tassel, sturdy stalk, and sliort, wide leaves. ' “ 

K -Bniehytie, dwarf, and brachytic- dwarf maize plants. Braehydic at right, 
iv^ji ;it left, the double recessive in center. The brachytic and dwarf plants 
ivsibi'from the second generation of the dwarf brachytic hybrid, while the double 
:.a‘ssivc plant is from the third generation of this cross, ha\Hng been obtained in a 
y>-enyfrom a self -pollinated brachytic plant which proved to be heterozygous 
; r dwarf. No such sharp distinction as is indicated in this picture was found in the 
i(;m(l generation between dwarf and the double recessive. It is apparent that the 
: ub!e recessive form of this combination is much larger than the double recessive 
i-;‘.herc;ir dwarf figured by the Emersons. 



PI<ATE 5 

Three liguleless maize plants from the second generation of the dwarf-braclnu: 
hybrid. At left, a dwarf liguleless; center, brachytic liguleless; right, a plmt : 
normal stature with liguleless leaves. While these plants are from the F.,, [l;t, 
approximate closely the heights of the two parent variations and their Fj hybrid. 
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nrlERMINATION OF SURPHUR COMPOUNDS IN 
DRY LIME-SULPHUR- 

By Carlston Parker Jones 

< rsfan / Kmarch Professor of Chemistry, Massachuseits Agricu Itural Experiment 5/a/ton * 
INTRODUCTION 

] inie-siJlphur products and analogous substances, known as polysiil- 
have of recent years come into prominence because of their value as 
ilcoiicidcs and fungicides. Large quantities, especially of the liine- 
iihJuir compound, are now manufactured. Correct and simple methods 
^■“'ijeeded for the estimation of the principal constituents, both as a safe- 
•’!ard to the producer and as a help to Uie entomologist and plant patliolo- 

METHODS IN USE 

Avery working with sulphur dips, modified standard methods in 
order to determine the total sulphur and total lime. Na,S, resulting from 
ilie treatment of a dilute solution with NaOH, w'as oxidized by a large 
excess of medicinal HjOj. 

Havwood { 6 , 7), also modified standard methods in order to estimate 
die sulphur combined as sulphids, polysulphids, and thiosulphates. The 
iulphid sulphur was determined by titration with standard ammoniacal 
Ziicl. using NiS04 as an outside indicator. The ZnS was converted into 
v-luble sulphid by treatment with an excess of a saturated solution of 
Ki iH The alkali sulphid was then oxidized by means of a large excess of 
H O,. The thiosulphate was determined in anotlicr portion of the solii- 
1:011, after the removal of the soluble sulphids as explained by titration 
villi standard iodin. 

Thompson and Whittier (p) detennined the monosulphid sulphur by 
the addition of a slight excess of ammoniacal CdClj to the solution of 
the polysulphid in the presence of KCN. The precipitated CdS was 
then dissolved in NaOH and the resulting NajS was oxidized with 
H;0,. The thiosulphate sulphur was determined in a separate portion 
by titration of the filtrate, from the ammoniacal CdClj precipitation, 
Kith standard iodin. The total sulphur was estimated by precipitation 
with ammoniacal CdClj and treatment of the precipitate as given under 
tlie monosulphid sulphur determination. The authors state tliat this 
method is unaffected by any free Ca(OH)2 or S in solution. 

The methods employed by Tartar and Bradley ( 8 ) consisted in the 
use of N/io ammoniacal ZnClj with NiSO^ as an outside indicator, for 
the determination of the monosulphid sulphur, and a titration method, 
A iv HCl being used with methyl orange as indicator, for the estimation 
oi the polysulphid sulphur. The deposited sulphur was weighed 
directly, or for more accurate results, recommendation w^as made to 
bring rhe sulphur into solution with KOH and then to oxidize with 
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HjOj. The originators of this method stated that the number of - - ■ 
centimeters of HCl used is tlie amount necessary to react with Ixjth? 
polysulphid and the hydroxid present, the solution always beiiw all- 
due to the hydrolysis of the polysulphid. 

Chapin (4, 4) originated new methods for the determination jr;, 
metrically, of the three principal forms of sulphur, tnonosulphid ty;,- 
sulphid, and thiosulphate, the latter being the compound 
titrated in each case. His methods were based, and adjusted accordinc^’ 
on solutions containing 1.5 to 2 per cent of sulphid sulphur. Cbi 
stated that increasing the quantity of sample and using stronger solmi’- 
for titrations might very likely improve the accuracy in some of 
results. 

Harris (5) determined both the monosulphid and thiosulphate sulptnr 
in diluted solutions by a double iodin titration. The amount of V "0 
iodin required to destroy the yellow color of the soluble sulphids Mas 
monosulphid sulphur equivalent. The thiosulphate sulphur Mas de 
termined by continuing the addition of iodin after the monosulphid 
end'point had been reached, with starch as indicator. The total sulnhur 
was determined by oxidizing the sulphur in solution with Na,0,. 

Averitt (/) estimated the monosulphid sulphur by titrating’ a diiinp 
solution with N/io HCl, using in one case cither methyl orange or methvi 
red as an indicator, and in another case sodium nitroprussid as an inside 
indicator. The thiosulphate sulphur was determined, w'hen either 01 
the first two indicators was used, by titrating ^vith iodin the cliluttc 
filtrate, with or without starch, after boiling off the HjS in soliifion 
When sodium nitroprussid was employed, the thiosulphate sulphur uai 
determined by a further addition of iodin until a faint coloration to 
produced. 

RELATION OF FOREGOING METHODS TO THE CHEMISTRY or 
LIME-SULPHUR 

When dry lime-sulphur mixtures are subjected to analysis, it is the 
opinion of the writer that it is entirely unnecessary and erroneous tc 
make a solution of high concentration and then to base quantilative 
results upon a diluted portion of the highly concentrated solution. 

The writer believes that the weak compounds contained in dr}' lime- 
sulphur when dissolved in water exist in a complex state of equilibria]: 
so very susceptible even to slight outside influences that these disturbini 
factors will seriously affect tlic percentage composition of the constituent: 
if the analysis is based on a diluted solution. It is a well-knowui fact iha* 
polysulphids in aqueous solutions are hydrolyzetl to a greater or less 
degree, depending upon the concentration, and to some extent upon the 
temperature, of the solution. The hydrolysis of calcium pohsulpbid 
might be represented by the following equation: 

2 CaS. S, + 2 H^O-Ca (OH)3-f Ca {Sn), + 2 S.. 

The amount of sulphur deposited is of course dependent upon the 
concentration of the Ca (OHlj. 

The two points mentioned, (a) the action pf external factors 
carbon dioxid and oxygen of tlie atmosphere, and (6) the resitUiEj' 
differences in the amount of sulphur in solution due to hydrolysis, shciib 
control to a large extent tlie preparation of the sample and the u1etllW^ 
to be applied for the determination of the desired constituents contained 
in dry lime-sulphur mixtures. 
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Taking into consideration the above statements, it is believe<l to be 
•w)0>sible to make accurate comparisons, based on solutions, between 
Cerent brands of lime-sulphur products when tlie products so compared 
varring composition. Therefore accurate results can be obtainc<l 
"jv bv the application of methods directly to tlie lime-sulpliur powder 
not to a diluted portion of a highly concentrated solution. 

** For tlie determination of thiosulphate sulphur all investigators accept 
tlie method used— namely, the titration of the filtrate after the removal 
of the free sulphur and sulphid, by Hie use of a standard iodin solution. 
The procedure followed in obtaining the thiosuljjliate solution, however, 
varies, and the results for tliiosulphate sulphur are more or less influenced 
according to the method employed for the sepaiation of polysulphid 
“.[piitir from the thiosulphate solution. 

"the determination of total sulphur is essentially alike in all cases, 
the total sulphur in solution being oxidized to sulphate either by the use 
o! H, 0 , or Na^Oj, and determined as BaSO^. 

The important differences between the various methods describe<l are 
m the determination of the monosulphid and the so-called jiolysulpliid 
.uiphiir. The determination of the former by the use of an A/zo aiiiino- 
nbcal solution of ZnCl^ with NiSO^ as an outside indicator is considered, 
ihcoretically at least, as being sound, but the difficulty experienced in 
obtaining pure zinc and the laborious method of procedure in the use of 
an outside indicator would make such a method secondary to any other 
method wliose accuracy could be relied upon. 

The inaccuracy in the estimation of monosulphid sulphur by standard 
iodin solution is due largely to the fact that hydrolysis of tlic calcium 
polvsnlphid occurs, and in consequence the iodin reacts also with the 
bitiC formed, giving too high a value for the monosulphid sulphur. 

The same criticisms may be applied to the iodin method as modified by 
Averitt. Though the sensitiveness of sodium nitroprussid is reduced 
when it is used witli iodin as an inside indicator, this use (llfTerentlates 
aneud-point more clearly by the production of color than does the use of 
idiii alone by the destruction of tlie color of sulphids in solution. 

The end-point for the thiosulphate determination is imsatisfactt)ry, 
witli or ^rithout starch, because of the instability in the color developed 
by the addition of iodin. 

The use of N/^ HCl is preferable to xW/io HCl for the titration of the 
sulphid solution, since the end-point with methyl orange is much sharper. 
The titration wiUi HCl can be so conducted as to result in no appreciable 
aclion upon the thiosulphate in solution. The inaccuracy, resulting 
ib'm calculating tlie amount of sulphid sulphur present from the num- 
ber oi cubic centimeters of HCl used, is lielieved to be due to the fact 
fiat the amount of HCl required is more nearly a measure of almost the 
total amount of calcium present in the solution. 

The methods in whicli metallic salt solutions are employed for the 
determination of the polysulphid sulphur produce colloidal substances 
tlie chemist is confronted with the difficulties of adsorption, slowness 
oi filtering, and possible oxidation of sulphid, 

DESCRIPTION OF PROPOSED METHODS 
METHOD A 

ip this method the solutions used were: Hydrated sodium peroxid; 
i^ariuni chlorid solution, i to lo; N/20 iodin; and starch. 
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The hydrated sodium peroxid is prepared by placing C. p. 
peroxid under a bell jar with a separate container of water. 
excluded to prevent the formation of sodium carbonate. The vci,-" 
color of the peroxid gradually disappears with the absorption of mois^ 
and the hydrate (NajOjSHp) is formed. This hydrated producr^^ij 
be dissolved in water at room temperature with but slight decomtxi'^ 
tion, or in cool water with practically no decomposition at all. 'p 
solution of sodium peroxid may be brought to the temperature of 
steam bath with but slight loss of oxygen, and if used at this hic;V 
temperature increases the rate of oxidation of the hydrogen 

PKOCEUUKE 


Sufficient hydrated sodium peroxid and loo cc. of distilled waterage 
added to flasks No. i and No. 2 (fig. i) and the flasks connected to tlie 
apparatus; 0.5 gm. of dry lime-sulphur is transferred to the reactioa 



Pig. I. — Apparatus for the direct separation of the three forms of sulphur—namely, nionosulphiit, ilLiL-;!- 
phate and polysulpliid sulphur (plus any free sulpliur). The hydroeeu sulphid or moiiosulphid sa:;-.r 
will be in solution in flask No. j, thiosulphate sulphur in solution in flask A, and the prccipitairi a 
residual sulphur in flask A will consist of the poly sulphid sulphur plus any free sulphur. 

flask, A. Carbon dioxid (generated by the action of hydrochloric acid 
upon marble in a Kipp generator), freed from all traces of hydrochloiic 
acid and moisture by passage through a saturated solution of sodiam 
bicarbonate and tlien through a solution of concentrated sulphuric acid, 
is forced through the apparatus to replace all air, and without shuUingo? 
the current of carbon dioxid, 50 to 60 cc. of distilled water are added w 
flask A by means of the separatory funnel. The reaction flask is sliabi: 
continuously for from three to five minutes, after whicli time the agitatinr 
is carried out intermittently until all the hydrogen sulphid has 
expelled and absorbed in the alkaline solutions contained in flasks No : 
and No. 2. 

The contents of flask A are filtered, after .the complete expulsion 0: 
all traces of hydrogen sulphid, through a platinum Gooch crucible wif- 
a thin asbestos pad, and the residue in the crucible is well wa.shcd anc 
the filtrate made up to a volume of 200 cc. and titrated with N/eo iodi: 
with starch solution as indicator. The iodin titration determines dif 
thiosulphate sulphur. 
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Viiv sulphur adhering to the two pieces of glass tubing which dipped 
the solution contained in flask A, is added to the bulk of sulphur in 
he crucible, and the contents of the crucible are treated with i to 10 
vdrochloric acid to dissolve the precipitated calcium carbonate. The 
^idiie is ^YC^ washed, after which the crucible and contents are dried 
'/loo® C. for one hour, weighed, ignited, and again weighed. The 
lifcrence in weight represents the sulphur present in the polysulphid 
,rin together with any free sulphur. 

The sulphur evolved as hydrogen sulphid, and contained in tlie solu- 
loii in flasks No. i and No. 2* as sodium sulphate, is transferred to 500 
rradiiated flasks and heated upon the steam batli with the flasks 
joppered until complete oxidation is assured. The solution is cooled 
nd a few drops of methyl orange are added, folio w’ed by hydrochloric 
until the solution is slightly acid. It is then boiled to destroy the 
vdrogen peroxid and to drive out all carbon dioxid, cooled, and made 
^ volume. 

To 50 cc. portions of the solution X cc- of i to i HCl is added, and the 
tdphate determination is carried out in the usual manner. 

METHOD B 

In this method the solutions used are: Hydrated sodium peroxid; 
pproximate N/2 HCl; barium chlorid solution i to 10; iV/^oiodin; and 
t:irch. 

PROCUDURU 

Five-tenths gra. dry lime-sulphur is placed in a small Krlenmeyer 
lask, 50 to 60 cc. of recently boiled and cooled distilled water added, 
nd the solution titrated, with vigorous agitation of the contents of the 
ask, with approximate N/2 HCl, and 3 to 4 drops of methyl orange 
idicator introduced just previous to the end-point of the reaction. The 
ddition of HCl is continued until the pink color developed persists in the 
oliition after the flask has stood for two or three minutes. The 
mount of HCl used determines the total basicity of the solution. 

The prepared NajOj solution is then added to flasks No. i and No. 2 
5 in Method A. 

.\iiother 0.5 gm. sample of the dry lime-sulphur mixture is transferred 
0 the reaction flask, A, and oxygen-free N passed through the apparatus, 
b the separatory funnel is added tlie same quantity of approximate 
vVi HCl which was required to neutralize the basic constituents con- 
fined in 0.5 gm. of dry lime-sulphur. The sides of the funnel are 
msed with 50 cc. of distilled water and the diluted acid solution is care- 
ully admitted to the reaction flask without interruption of the slow 
lassage of N. The funnel is again rinsed with a small amount of water, 
few drops of methyl orange added, and the solution run carefully into 
he reaction flask. 

The solution contained in flask A should develop a pink color provided 
the acid has been removed from the separatory funnel and the separ- 
•ted sulphur has not completely absorbed the indicator. 

The passage of N through the apparatus is continued until all traces 
'f HjS have been expelled from flask A. From this point the procedure 
5 similar to that given under Method A. 

JVo, a is used as a precaution and will be found to contain no sulphur, provided the gas is not 
' Intoueh the apparatus at too rapid a rate. 
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ADVANTAGES OF PROPOSED METHODS 

The advantages derived from the use of either of the two methcxiq 
based on accuracy, simplicity of reactions, and the employmeat 
few and simple operations. 

The claim for accuracy is based on the following reasons: 

1. Both methods are based directly on tlie usaof dry lime-sulphur h 

not upon prepared solutions. The methods are applicable, howevtr^" 
solutions of lime-sulphur. ’ 

2. All results are obtained on the one sample throughout the deienn- 
nation. 

3. The liberation of sulphur, equivalent to the monosulphid sulpiiur,,.- 
the metal, is made complete by the action of dilute acids upon the poly 
sulphid in solution. 

4. The evolution of the hydrogen sulphid and the complete removal l>v 
aid of a gas allows clear and complete separation of the three forms ri 
sulphur. 

5. The determination of monosulphid sulphur, when present in lar -e 
quantities, can not be more accurately made than by the evolution 
method ; and the absorption, oxidation, and weighing as BaSO^ is a? 
accurate a method for the final determination as any metliod yet devised' 

6. The thiosulphate sulpliur is determined by the usual and exact 
method of oxidation by means of iodin. 

7. The sulphur remaining after the complete removal of the rnono- 
sulphid sulphur is readily separated from the thiosulphate solution hv 
simple filtration and is determined by weight. 

ITie application of these methods is simple because : 

1. Complexity in reactions and processes is eliminated by the tse 
of one process for the complete separation of the three fonns of siilphvr. 

2. The time required for the determination is reasonably short, and tb 
process of expelling tlie hydrogen sulphid from solution does not require 
the constant attention of the operator. 

3. The use of a solution, in connection with hydrogen siil])hid, whii]; 
answers the purpose of an absorbing and oxidizing agent saves time and 
promotes accuracy. 

DISCUSSION OF methods 

These methods do not include any procedures dealing with the detcciion 
or estimation of any of the possible and theoretical sulphur comjwunds 
stated by a few investigators as existing in solution as traces, but are con- 
cerned wholly with the determination of the principal constituents con- 
tained in the commercial lime-sulphur products, which are considered it 
give to lime-sulphur solutions their insecticidal and fungicidal value- 
namely, moiiosulphide and residual and thiosulphate sulphur. 

Both methods are based upon the fact that the acids used are ionizec 
to a greater extent than the hydrosulphuric, and therefore have the potve: 
of decomposing completely the polysulphids of calcium, with liberadot 
of hydrogen sulphid and deposition of sulphur, according to the follottini 
equations : 

1. CaS.S^-hHjO + CO^^CaCOa + H^S + Sx.® 

2. CaS.S, + 2 HCl^CaCl^-hHjS-f-S^. 


* Evidence that carbonic acid completely decomposes the sulphiUs in solution can be obtained by 
the sdution at the end oi the experiment with sodium nitroprussid. 



Sulphur CompouTuis in Dry Lime-Sulphur 


Tbe method as represented by the first equation might be designated 
^ the carbonic add method, and is called method A; the other, as rep- 
Lflted by the second equation, might be designated as the hydro- 
(^oric-acid method, and is referred to as metliod B. 

\;o attempt is made by the use of either of the proposed methods to 
c^culate the amount of polysulphid sulphur present in the dry lime- 
<ulpliur mixture, because of the uncertainty as to just what proportion 
oi the residual sulphur (contained in the reaction flask) can be attributed 
to polysulphid sulph^ and what amount to soluble free sulphur. 

fhe same uncertainty is apparent upon application of methods based 
on aqueous solutions of polysulphids. If the lime-sulphur mixture con- 
tained free sulphur, the addition of water resulting in the solution of the 
'iine-sulphur compounds would naturally precipitate some if not all of 
tjhe free sulphur in solution, the quantity deposited depending upon the 
dilution. On the other hand, the hydrolysis of polysulphids in aqueous 
solutions results also in the deposition of sulphur, the amount depending 
’^pon the dilution and temperature of the solution and the concentration 
oi calcium hydroxid formed. In either case, whether methods arc applied 
to the dry lime-sulphur products or to solutions of the same, it is quite 
impossible to differentiate accurately between true polysulphid -of sulphur 
and free sulphur in solution. 

The true polysulphid sulphur might be estimated with some accuracy, 
provided there existed a method for determining different amounts of 
iVee sulphur in tlie presence of water soluble polysulphids. 

The fact is recognized by the writer that the total amount of soluble 
sulphur can be estimated only by analysis of the solutions of lime- 
sulphur mixtures. But in such analyses the solution used should be of 
the same concentration as that used for spray or as that recommended 
bv the manufacturer of the product. 

EXPERIMENTAJw TESTS WITH METHODS A AND B 

The samples of dry lime-sulphur used in the following experiments were 
received from the same manufacturers upon two different occasions. 
The results given in Table I arc from a sample received and analyzed in 
1919. All other results are from a sample received and analyzed in 1921. 

The methods taken for comparison were the HCl and iodin methods 
recommended by Averitt. They were chosen because of the advantages 
claimed by the originators and others. There can be no criticism in 
regard to the quickness and ease of manipulation, but the inaccuracy of 
results is clearly apparent from the following work. 

It was thought that numerous comparisons were unnecessary, pro- 
^’ided it could be proved that the use of HjCO, results in a quantitative 
separation of the monosulphid sulphur from the thiosulphate sulphur 
and that the use of an excess of CO^ has no appreciable effect upon the 
calcium thiosulphate in solution. The experimental work as given in the 
following pages is believed to substantiate the accuracy of the proposed 
methods. 

64485 — 23 —^ 
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Table I . — Comparison between carbonic meOiod and the hydrochloric and iodin 
recommended by Averili for determining soluble sulphur found in sample of du ' 
sulphur ^ 


Form of sulphur determined. 

Methods recommended by | 

Averitt, 

. - - - ^arlxtoif. 

! method a. 

Hydrochloric, Iodin. 

I. Monosulpliid * 

13. 21 

I. 56 
50, 84 

1 Per cent. . 

i “'"5 

! 40 , V 

1 48.03 : J 

2 Thiosulphutc 

3. Residual , . J 

Total 1 

65. 61 

j ^ 6i, 


’ The dLfferenees in the determination of monosulDhid sulphur as shown in this table are very ma-t ; 
and similar variations were observed when the methods were applied to other samples. ” ' 


6. 

s'. 

9 . 


Table II . — Results obtained by use of the carbonic method A 


Experiment No. 


Average. 


Average. 


Average. 


Dry 

lime- 

sulphur. 

Length of 
time of 
experi- 
ment. 

Residual 

sulphur, 

Thio- 

sulphate 

sulphur. 

Mono- 

sulphid 

sulphur. 

Absorptiun solotiiju 

Gttu 

Hours. 

Per cent. 

Per cent. 

Per cent. 


0- 

I'/i 

JO. (54 

2- 75 

8.32 

KajOj, 

•zs 

l-K 

50.60 

2. 73 

8.3s 

Do. 

■ 25 

iVs 

50.68 

2- 7.5 

8-3.3 

Do. 

‘25 

-iVi 

50.64 

2. 75 

8. 40 

Do. 


iK 

50. 68 

2. 75 

8-34 

Do. 



50.65 

2- 75 

8-35 





■ so 

4^4 

51.00 

2. 62 

8- 41 

1 Do. 


I 

50.64 

3.D1 

(ri) 

I Amiiiiniiacal H/h. 

■=5 

2 

50. 64 

3-01 


' Do. 

■ SO j 

2 

50.64 

2.56 


Do. 

1 '5° 


50. 64 

2.56 


Do. 



so. 64 

2. -9 








1 1.00 : 


1 

2. 58 

I 2. 73 


Do, 

1 .:r5 : 


; Ko. ^6 


Do. 

1 





i 


j 50. 66 

1 2.66 



1 





o MooosuJphid sulphur was not determined for the reason that the HsOj solution used was later iound'. i 
contain sulphate. 


Table HI . — Results obtained by use of the carbonic method A— Continued 


Experiment No. 

Dry liiiie- 
sulphur. 

Length ! 

of til tie 1 Residual 
of experi- ; sulphur, 
ment. j 

Thio- Mono- 

sulphate I sulphid 
sulphur. 1 sulphur. 

Absorption solmii'a 

Average 

1 

Gm, 

0 5 
• 5 

5 

Hours. 1 Per cent. 

5 i 50-63 

5 : 50- 64 

5 , 50- 60 

Per cent. Per cent. 

2. 64 : 8. 40 

2.61 8,35 

2.58 8.35 

3.6 normal NaOH 

4.7 normal KaOH 
NH^OH. 

j-Weak standard I; 
jweak standarc’ I; 


!;o. 63 

2 , 61 8. 37 

: 1 

- 5 1 4 50 ’ 56 

■ 5 ! j 50- 60 

I j 



0 By titration with standard NajSsOs solution. By weight of precipitated suliihur. 
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The data given in the Tables II and III show that the results secured 
• rthe different forms of sulphur- residual, thiosulphate, and monosuh 
^ h d— are quite concordant, whether the length of lime of the experi- 
' leflt was one hour or a longer period. The use of hydrated Na,0„ 3.6 
^nd 4-7 uormal NaOH, and NH^OH also served satisfactorily as absorp- 
solutions. Further experiments with iodin were not as satisfactory, 
^'further evidence of the completeness of the action of carbonic acid 
out by a comparison with the results obtained by the use of hydro- 
'^hloricacid. Five-tenths gm, of dry lime-sulphur from the same sample 
Ived in establishing the proposed metliods was transferred to the reaction 
tia-k. A, dry and oxygen-free COj passed through the apparatus, a sufh- 
c4nt quantity of distilled water added to cover the ends of the inlet 
lubes, and, finally, 8.36 cc. of N/2 HCl, an amount previously found 
nt'cessary to neutralize the basicity of the solution, were slowly added to 
file sulphid in solution. All traces of acid adhering to the separatory 
’■'iiinel were removed by rinsing with water containing a few drops of 
inethvl orange. That the quantity of acid added was suflicient was in- 
dicated by a faint pink coloration of the solution. The contents (fi the 
dusk were agitated during and after the admission of the acid, and CO. 
was passed through the solution for a period of CA hours. 

The results obtained upon analysis of the three forms of sulphur are 
as ff>llows : 

Residual sulphur 50 - 9 ^ cent. 

ITiiosulpliate sulphur 2. 48 per cent. 

.Monosulphid sulphur. 8. 47 per cent. 


Another experiment was made, using the same weight of dry lime- 
sulphur from the same sample but increasing the amount of N/^ HCl to 
a large excess over tliat actually required and substituting pure nitrogen 
gai in place of CO2. The solution in this case was brought to the boiling 
point near the end of the operation. The results obtained are as follows: 

Residual sulphur 5 i- 5 ^ percent. 

Monosulphid sulphur S. 35 per cent. 

The percentage results obtained for monosul])hid sulphur in these 
two experiments are in close agreement with the results obtained by the 
use of tlie carbonic-acid method. The slight increase in the percent- 
age of residual sulphur is due to the action of HCl upon the thiosul- 
phate in solution which causes a precipitation of .sulphur. 


DETERMINATION OF MONOSULPHID AND THIOSULPHATE SULPHUR 
•AFTER A PREVIOUS SEPARATION OF SULPHID FROM THIOSLLPHATE 


The accuracy of the monosulphid and thiosulphate sulphur results as 
(ietemiined by the carbonic-acid method was again established by the 
following experimental work in which the same saTnj)lc of dry hme- 

sulphur was used. u v 1 

Five-tentlis gm. of dry lime-sulphur was transferred to a small lirlein 
meyer flask, to which was quickly added an excess of freshly pre])ared 
iind well-washed ZnCOg held in water suspension. The flask was imme- 
diately stoppered and sliaken vigorously, and Uie shaking repeated at 
iatervals during a period of one hour, after which the ZnS mixed with 
free S and excess ZnCO.^ was filtered and washed free from the thiosu - 
phate in solution. The thiosulphate sulphur, which was found to equal 
2 65 per cent, was determined by titrating the filtrate with N/20 10dm. 
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The ZnS mixture upon the filter paper was transferred, by wash’ 
into the reaction flask, A, air was removed from the apparatus bv v’ 
use of N, HCl in excess added to decompose the carbonate and sulnh'f 
and the gases evolved were expelled by the further use of K n' 
monosulphid sulphur was determined in the usual way, by oxidatio 
sulphate and weighing as BaS04, and was found to be equivalent to s 
per cent. ® 

The employment of ZnCOj in water suspension as a means of separ 
tion of the sulphid from the Biiosulphate was chosen because of the rapfrf 
rate of reaction between the ZnCOj and the soluble sulphid, the roadine^ 
with which filtration could be accomplished, and, furthermore, for tl’’ 
reason that constant results for thiosulphate sulphur were found not to 
be dependent upon the length of time of contact between the ZnCO and 
the soluble sulphur compounds, as was the case when CdCO^ was med 

ACTION OF CARBONIC ACID UPON CAbCIUM POLYSULPHID 

The power of carbonic acid to decompose water soluble sulphid? can 
be easily demonstrated by the passage of carbon dioxid into an aqueo«; 
solution of lime-sulphur compounds. The completeness of the reactioii 
can be positively verified by testing the solution in which the sulphid 
was dissolved by the introduction of sodium nitroprussid, after the 
carbonic acid has been allowed to react for a sufficient length of time. 

The time necessary for the complete decomposition of polysulphid j? 
very short, as indicated by the disappearance of the yellow color of ihe 
polysulphid in solution. Complete decomposition was effected, repca:- 
edly, within from two to three minutes, when 0.25 gm. charges were iised. 
In die case of larger charges the time was naturally lengthened, requir- 
ing from three to four minutes witli charges as large as 0.5 gm, The 
time is based upon the passage of carbon dioxid at a moderate rate. la 
Table II are tabulated results expressing the quantitative reaciioa 
between carbonic acid and lime-sulphur compounds. 

EFFECT OF CARBONIC ACID UPON THIOSULPHATE 


Investigators of lime-sulphur solutions who have made use of IICl in 
the process of analysis claim that the neutralization of the solution aw 
be brought about by the careful addition of N/20 acid, in the presence o! 
raetliyl orange or methyl red as indicator, without its reacting np:>n ilie 
tliiosulphate. If a highly ionized acid, such as HCl, can be so used with- 
out destroying any of the thiosulphate, then the chances of a destructive 
action occurring with the use of an acid which is ionized to a much ies? 
degree should be, theoretically at least, even less. 

in corroboration of this reasoning, experiments were conducted tor 
the purpose of ascertaining whether or not the action of carbonic acid 
for different lengths of time had any appreciable effect upon the thio- 
sulphate. The results given in Table II indicate that the weakly ionized 
acid does not react with the thiosulphate. The occurrence of the ob- 
served slight differences in the amounts of thiosulphate sulphur may be 
due to slight variations in the homogeneity of the lime-sulphur mixtures, 
or to slight changes in the chemical constituents resulting from repeated 
openings of the bottle containing the lime-sulphur powder. The perfect 
agreement in results between a one-plus hour, and the ly^-bour period 
might be assumed as conclusive proof that the concentration of hydrogen- 
ions resulting from the solution of HjCOj is without effect upon a 
solution of calcium thiosulphate. 
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hydrochloric acid fujA hTIolution 

That the number of cubic centimeters of HCl used in the direct 
•j titration method can not be taken as an index of the quantity of 
.'onosulphid sulphur present in lime-sulphur mixtures, but may be 
as a measure of the basicity of the solution, is borne out by the 
i.llomiig experiments 

Tive-tenths gm. charge of dry hine-sulphur was analyzed by the 
acid method; CO^ was passed Uirough the solution for four hours, 
ie solution brought to boiling, and the CO2 passed through the solution 
iir another hour. The contents of the reaction flask, A, containing free 
; CaCOj, Ca(HCOs)2, and CaSjOj, were then titrated with N/2 HCI, 
i^ing methyl orange as indicator. It was found tliat 8.23 cc. of acid 
,vVe required to neutralize the solution. 

' Upon application of the direct acid titration method (Averitt) it was 
ouad that 8.26 cc. of N/2 HCl were necessaiy to carry the reaction to 
he end point of methyl orange. The number of cubic centimeters of 
ic;d used according to the method is tlie equivalent of the monosulphid 
■ulph'ir j)resent. Therefore the amount of the latter, based on a 0.5 gm. 
ample, should equal 13.24 per cent. 

.V comparison of these two simple tests shows that in one case 8.26 cc. 
0: -V 2 nCl were used in neutralizing the polysulphid solution, while in 
il:c other case almost an equal amount of HCl was required to neutralize 
;hc basic salts present, after the removal of the inonosuljdiid sulphur. 

The only possible deduction is that the HCl reacts with not only the 
cdoiinii sulpliid but otlier calcium compounds as w'ell, and consequently 
liii: amount of HCl required can not be used as a direct estimation o’f 
ihc monosulphid sulphur present. 

Tliat 13.24 per cent for monosulphid sulphur is much too high is again 
apparent by completing the former experiment in the usual wmy. 
Tl'.o results obtained for the three forms of sulphur arc as follows; 

Rcaidual sulphur 50-64 per cent. 

Thiosulphate sulphur 2. 61 per cent. 

Monosulphid sulphur 8. 35 per cent. 

ABSORPTION SOLUTIONS 

Different absorptive solutions for the evolved H^S were substituted in 
place, of the hydrated sodium peroxid. Among the solutions tried were 
the following : Ammoniacal HjOj, amraoniacal ZnCl^, ammoniacal CdCl^, 
acetic acid solution of Zu(C.2H302)2, dilute standard solution of jodin 
with a protective flask containing a standard solution of NajSjOj), 3 to 4 
N' KOII and NaOH soltitions. 

Vv'iili the exception of tlie alkali solutions, all tliese proved unsatis- 
.acLory for one reason or another. Solutions of hydrogen peroxid in- 
vaiiably contain sulphates in greater or less quantity and consequently 
tti'cessitate the employment of exact measured amounts and require 
ihat blank tests be made upon each lot of peroxid solution used. The 
of zinc and cadmium solutions, neutral or alkaline, gives precipitates 
61 metallic sulphids which are of a decidedly colloid nature. The difh- 
fuliies attending filtration and washing are well known. Oxidation of 
sulphids during the operation is a constant source of error tending 
toward low results. The sulphid can not be weighed directly with accu- 
5 ’acy because of occlusion, and, tliereforc, must necessarily be changed into 
some other form in order that the estimation of the sulphur content may 
made. 
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loci in solutions used as an absorbent in the determination of the 
sulphid sulphur must be very dilute as the tendency for the ^ 

sulphur to oxidize increases with increase in concentration. Occlus 
iodin by the sulphur and the volatilization of iodin, due to the na^ 
of the gas through the solution, were found also to increase with mcre^'’ 
concentration of the iodin solution. Good results were obtained hT- 
ever, in a few determinations (Table III) by the use of a weak iodin 
tion N/so or less, containing an appreciable quantity of acetic acid ' ”-i 
a large amount of potassium iodid. Starch solution in the train follow;! 
the iodin solution showed no volatilization of iodin. The determinat' ! 
of sulphur by weighing was in agreement with the estimation made 
titrating the excess of iodin. On the average the use of an iodin soluti^-i 
as a means of determining the monosulphid sulphur was found unreliav! 

There is no gain in accuracy in the use of pure alkali solution! 
absorptive agents over that obtained by the employment of a hvdrat!! 
sodium peroxid solution (Tables II and III). The operation is soiiiewha’ 
lengthened for the reason that after the absorption the sulphur must iic 
oxidized. The oxidation is best accomplished by the use of sodi:;^ 
peroxid which can easily be obtained free from sulphates. 

In the opinion of the writer it is advantageous, as well as accurate v 
make use of a solution which answers the purpose of an absorptive an! 
oxidizing solution at the same time. 


RESULTS FOR TOTAL SULPHUR 


COMPARISON BETWEEN THE CARBONIC ACID METHOD AND METHOD i,f 
direct oxidation 

The total sulphur was determined by direct oxidation with Xa.U. 
To 0.25 or 0.5 gm. of dry lime-sulphur were added 50 to 100 cc. of fre^hX 
boiled and cooled distilled water. Hydrated Na^Oj, or the dehydrauc 
form, was then added in small amounts until the oxidation was complettc 
the flask being kept stoppered. The procedure which followed 
the same as that used in determining the monosulphid sulphur. .1 
comparison of the total sulphur determined in this way with that obtaini;: 
by the summation of the three forms as determined by the carlxinic 
acid method (average of results given in Tables II and III) is given bdi ^ 

Total still 'iv.;!. 

Direct oxidation 61.62 prrctr.' 

[Residual sulphur 50.64 per cent. 

H.jCOj methodj Thiosulphate sulphur 2.70 per cent. 

Monosulphid sulphur 8.26 per cent. 

61.70 per ant. 


HYDROLYTIC ACTION RESULTING FROM AQUEOUS SOLUTIO.VS 01 
LIME-SULPHUR COMPOUNDS. 

Figure 2 is illustrative of the hydrolysis of lime-sulphur compound: 
in aqueous solutions and is therefore indicative of errors which ms' 
arise when the analysis of dry lime-sulphur is based on diluted portioo: 
of concentrated aqueous solutions. 

The experiments were conducted as follows: 

The different amounts of dry lime- sulphur were taken and tratiffcrrfc 
to a 500 cc. Eflcnnieycr flask ^ and fre.shly boiled distilled water coolec 


® The same flask was used for each experiment. 
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3 C. was added until a volume of 535 cc. resulted. The flask was 
^' ’ediately corked and sealed with paraffin, leaving but a very small 
'^nace. Th^ allowed to stand at room temperature 

shaking for 48 hours, after which the deposited sulphur was rapidly 
i'erred, by forced filtration, to a platinum Gooch crucible with a 
h^'asbestos pad, thoroughly washed, dried for one hour at 100" C,, and 
wnicible and contents weighed, ignited, and reweighed to obtain the 
of sulphur. 



Ii''., — Dkjrram showing variations in percentage of nndissolvcd sulphur due to dieiuical Miuilihrimn 
resulting from the hydrolysis of lime-sulphur compounds in aqueous solutions. 

SUMMARY 

The three forms of sulphur, monosnlphid, residual, and thiosulphate 
sulphur, contained in lime-sulphur powders may he easily and accurately 
determined by the passage of CO2 through a solution of the polysulphid. 
The accuracy of the method is based upon the fact that CO, separates 
(luaniitatively the monosulphid sulphur from the thiosulphate and 
residua! sulphur. The use of this method allow's for a complete separa- 
twn of the residual from the thiosulphate sulphur, thus enabling accurate 
eitiniatinn of both. * 

The method is entirely free from any laborious process of filtering 
snd uncertainty regarding end-points in the use of indicators. 

i.h 'Hie application of this method eliminates all errors due to hydrol- 
bis of lime-sulphur compounds in aqueous solutions and also the 
^^aciing influences of CO2 and 0 of the atmosphere. 
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(4) The use of- hydrated Na^O^ for the absorption of HjS has a twofoin 
advantage. The alkalinity of the solution acts as a binding agent wHl! 
the 20 per cent of available 0 acts in the capacity of a powerful oxidizer 
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